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ABSTRACT 
This study of the Australian continental dunefields focuses on the origin of the 
sand-sized material presently in the dunes and on the distances of its transport within and 
between dunefields. The sand dunes which currently make up the Australian continental 
dunefields are part of a sedimentary system which has been developed over millions of 
years. This system has received sediment from large numbers of protosource areas both 
within and outside the present margins of Australia. Some of these protosource areas 
underlie the current dunefields while others are hundreds of kilometres away, indicating 
significant distances of sand transport. Each individual dunefield comprises material from 
several different protosource areas. Material from certain protosources is widespread 
over the entire desert, while that from others is found concentrated only in particular 
regions. 
It is suggested that the mechanisms for the transport of sand from these 
protosource areas into the sedimentary basins currently underlying many of the 
dunefields involved tluvial activity and marine transgressions and regressions. Most of 
this sedimentary transport is believed to have occurred prior to the change to a more arid 
climatic regime in Australia during the Late Tertiary. 
Following this climatic change and commonly coincident with periods of 
glaciation, the Australian continental dunefields have been formed through the vertical 
. corrasion of local/underlying sedimentary material, accompanied by lateral .displacement 
of sand and upward growth of nearby ridges. Very little evidence has been found in this 
study to suggest significant distances of aeolian transport of sand. The main function of 
wind in the Australian dunefields is thought to be in the shaping of dunes. At the present 
time, the Australian continental dunefield is largely stabilised, and all but the crests of 
dunes are covered by vegetation, thereby reducing the possibility of aeolian transport. 
The determination of protosource areas for the desert sands has been based 
predominantly on U-Pb SHRIMP studies of zircon grains separated from the sand 
samples. This method provides direct evidence on provenance, albeit the provenance of 
zircon grains and not bulk sand samples. Studies of the oxygen-isotope values of quartz 
have also provided useful information on sand protosource areas, although this technique 
was hampered by the large numbers of protosource areas involved and by the presence of 
small amounts of low-temperature quartz in many samples. 
Characterisation of sands from the major dunefield areas in Australia in terms of 
their physical and mineralogical properties shows that there are significant differences in 
these parameters across individual dunefields. These differences are commonly found in 
sands from dunes overlying the boundaries between different underlying rock types. The 
apparent lack of mixing between sands derived from different underlying rock types 
indicates that transport within dunefields has not been substantial. On a wider scale, 
despite the possibility of the long-distance aeolian transport of sand around the 
continental "whorl" of the Australian dunefields, there appears to have been only a 
limited amount of such transport between dunefields. 
Similarities between the characteristics of sands from dunes directly overlying 
basement areas and the properties of the basement areas themselves, suggest that dune 
sands were derived from the weathering of the underlying bedrock, and could therefore 
be considered as remnant lag deposits. Dunes in these areas tend to be smaller, more 
scattered, and in many cases, merge with sand plains. In contrast to this, the major 
dunefield areas in Australia overlie sedimentary basins where sand supply is plentiful. 
In general, there has been negligible recent (post Late Tertiary) sedimentary input 
to the Australian continental dunefields. The exception to this is in the Simpson, 
Strzelecki and Tirari Deserts, where rivers and creeks flowing into the Lake Eyre 
Drainage Basin have deposited small amounts of sediment. After its fluvial deposition, 
this material has not been transported significant distances within the dunefields and is 
concentrated in areas near the rivers and creeks. In some areas of the southeastern 
Simpson and Strzelecki Deserts however, it is thought that limited amounts of aeolian 
transport of sand occur, although this is considered to be an exception to the general 
stability of the dunefields and is only very localised. 
CHAPTER 1 - INTRODUCTION 
1.1. THE AUSTRALIAN CONTINENTAL DUNEFIELDS 
The landscape of arid inland Australia is dominated by sand deserts, consisting of 
brick-red longitudinal dunes and windswept sand plains. Such aeolian or wind-blown 
landform features cover approximately 40% of the surface of Australia and collectively 
form a number of individual but inter-connected continental dunefields. Despite this vast 
surface area, the inaccessibility of these dunefields, together with their lack of economic 
value, has meant that they are predominantly unexplored and the palaeo-environmental 
information they record, remains largely undiscovered. This study therefore, aims to 
examine the Australian continental dunefields and to address the questions of their 
provenance and the environmental conditions under which they were formed. 
The Australian continental dunefields as shown in Figure 1.1 consist of seven 
major deserts which together form four dunefield regions. These four regions are: 
1) southern Australian dunes of the Great Victoria Desert 
2) northeastern Australian dunes, including the Simpson, Strzelecki and Tirari 
Deserts 
3) northwestern Australian dunes comprising the Great Sandy and Gibson 
Deserts and 
4) southeastern Australian dunes of the Mallee Dunefield 
Apart from these seven major deserts, there are a number of locally important 
dunefield areas including the Tanami and Kulwin Dunefields. Aeolian activity in Australia 
is also indicated by dust plumes off the southeast and northwest continental margins 
(Figure 1.1) (Bowler, 1975, 1976; Thiede, 1979). 
The dominant aeolian features of the Australian sand deserts are linear dunes, 
with minor areas of parabolic, crescentic and network dunes. The distribution and 
orientation of these features has been described in detail by Wasson et al. (1988) and is 
summarised in Figure 1.2. In general, dunes are oriented in a continental scale "anti-
clockwise whorl", with those to the south aligned from west to east and those in the 
north, from east to west. This general trend in dunefield orientation was first observed by 
Jennings (1968) and is believed to have been primilarily formed in response to the winds 
generated by the subtropical high pressure system which determines air flow directions in 
Australia (Brookfield, 1979). The present orientation of dunes is remarkably similar to 
that of the modem wind directions, although in several areas of the northern Simpson 
and Great Sandy Deserts this equivalence is not exact, indicating slight shifts in 
circulation patterns since dunefield formation (Kalma et al., 1988; Wasson et al., 1988). 
On a global scale, the Australian continental dunefields make up over 38% of the 
total sand desert areas, making them some of the largest aeolian features in the world. 
Table 1.1 shows the major dunefields worldwide and gives an estimate of their total 
surf ace area. 
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tso0 
20° 
Direction or dune elongation 
40°-...... ~ Direction and areas or major dust plumes 
Figure 1.1: Map showing the outline of the area covered by sand deserts in Australia 
and the names of the major dunefields (adapted from Wasson, 1984a). Positions of dust 
plumes into the Indian and Pacific Oceans are taken from Bowler, 1976. 
120° tso0 
20° 
0 lOOOkm 
Figure 1.2: Position and orientation of dunes within the Australian continental 
dunefield (from Wasson, 1988). 
., 
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Desert Region Area (km2) Reference 
Great Victoria Desert (Australia) 240,000 Chapter 3 
Simpson and Strzelecki Desert (Australia) 300,000 Chapter 4 
Gibson and Great Sandy Deserts (Australia) 640,000 Chapter 5 
Mallee Dunefield (Australia) 15,000 Chapter 6 
Tanami Desert (Australia) 81,000 Wilson (1973) 
Sahara Desert (northern Africa) 333,500 Wilson (1973) 
Rub' al Khali (Arabia) 640,000 Edgell (1989) 
Thar Desert (Asia) 214,000 Wilson (1973) 
Namib Desert (southern Africa) 34,000 Wilson (1973) 
southwest Kalahari Desert (southern Africa) 100,000 Lancaster (1986) 
Table 1.1: Major desert dunefields worldwide and their total area 
It is worth noting that of the total area classified as arid in Australia, - 50% is 
covered by sand deserts compared with - 15% in the Sahara Desert (Mabbutt, 1977). 
However, in contrast to many of the other sand desert regions, the Australian dunefields 
have a far thinner mean of sand cover. Wilson (1973), estimated that the mean thickness 
of sand cover in the Simpson Desert was - 1 m, compared with - 30 m in the Sahara 
Desert. 
In a further comparison with other sand deserts worldwide, the Australian 
continental dunefields appear to be largely stabilised and partially fixed by vegetation 
(Ash and Wasson, 1983). This contrasts markedly with many of the other dunefield areas 
listed in Table 1.1, which are presently still mobile and undergoing aeolian transport 
(Wilson, 1973). This stability of dunes in the Australian deserts is generally believed to 
be due to a decrease in wind strengths since the time of their formation (Ash and 
Wasson, 1983). In the Mallee Dunefield, where the winds are strong enough to shift 
sand, the semi-arid nature of the present climate nevertheless allows sufficient vegetation 
growth to stabilise dunes (Ash and Wasson, 1983). 
Apart from areas of sand desert, arid inland Australia includes landf orm features 
classified as stony desert or gibber plain, mountain desert, shield desert and clay and river 
flood plains (Mabbutt, 1977). 
1.2. ARIDITY IN AUSTRALIA 
Expressions of aeolian activity in Australia are found throughout the stratigraphic 
record indicating that during its history Australia has undergone repeated phases of 
aridity. One of the earliest of these occurred during the Early Devonian and is recorded 
by the thick dune sands of the Tandalgoo Formation in the Canning Basin (Forman and 
Wales, 1981) and the Mereenie Sandstone in the Amadeus Basin (Wells et al., 1970). 
The current phase of aridity in Australia began in the Late Tertiary following a 
significant period when the majority of the continent was under the influence of a humid, 
sub-tropical climate. From - 3 Ma (million years) onwards, and particularly after the 
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growth of continental ice-caps in the Northern Hemisphere towards 2.5 Ma (Shackleton 
and Opdyke, 1977), the climatic regime in Australia became progressively drier and more 
arid (Williams, 1984 ). The major expressions of aridity in Australia were formed in the 
last 2.5 Ma, related to the major climatic oscillations of the Quaternary. These 
oscillations are believed to have been modulated by glacial-interglacial cycles, with 
glacial maxima associated with aridity, and minima with periods of increased 
precipitation and high lake levels. The relationship between glacial maxima and aridity in 
Australia is controlled by factors including increased continentality, reduced precipitation 
as available water is tied up in ice-caps, and intensified strength of atmospheric 
circulation caused by a greater equator-to-pole temperature gradient (Bowler, 1976). 
The reduced levels of precipitation and available moisture associated with times of glacial 
maxima resulted in both a decrease in the amount of stabilising vegetation on dunes and 
an expansion of the arid area of Australia. This expansion was further enhanced by 
seasonal occurrences of hot continental air masses, which substantially increased 
evapotranspiration rates in an environment already under significant moisture stress 
(Bowler, 1976). All of these factors combined to form a climatic regime ideal for sand 
movement and dunefield formation. 
The correlation between glacial maxima and regional dunefield construction has 
been noted by Glennie (1983), in studies of the Rotliegend Desert in northwestern 
. Europe, Lancaster (1984), in the southern African dunefields and by Bowl~r (1976) and 
Wasson (1987), in the Australian deserts, but at different temporal resolutions. 
During the past 1.8 Ma, there have been at least 17 distinct glacial-interglacial 
cycles (Fink and Kukla, 1977), the glacial phase of which could have induced periods of 
aridity in inland Australia. However the oldest recorded evidence of Quaternary aeolian 
activity in Australia has been found in gypseous dunes of the Amadeus Basin, which have 
been dated in palaeomagnetic studies at 730 ka (Chen and Barton, 1991). However, the 
dating of this phase of dune building was based on the position of the Brunhes-
Matuyama boundary. Recent work by Spell and McDougall (1992) and Baksi et al. 
(1992) have redefined the age of this boundary at - 780 ka indicating that dune building 
was underway at this time. A growing number of thermoluminescence studies have dated 
dunes in central Australia back to 300 ka (eg. Gardner et al., 1987; Nanson·et al., 1988), 
indicating that highly organized dune systems were already evolving at that time. 
The last major phase of dune construction in Australia occurred between - 14 ka 
and 25 ka, with an apparent peak of aeolian activity at 16 - 18 ka coincident with the last 
glacial maximum in Australia (Bowler and Wasson, 1984; Wasson, 1986). During this 
period, the area of Australia covered by sand deserts expanded with the construction of 
dunes as far south as Kangaroo Island (Bowler, 1978; Sprigg, 1979), the Mallee 
Dunefield and the northeastern tip of Tasmania (Bowden, 1983). 
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It is believed therefore, that most of the dunes in Australia were formed as a 
result of glacial induced aridity. However, studies by Bowler and Wasson (1984) and 
Wasson (1986, 1987) indicate that this process may not adequately explain all aeolian 
features. Clay pellet-rich dunes in the Mallee Dunefield are believed to form when high 
water tables give way to aridification, resulting in groundwater salts crystallising in 
interdune swales. This process produces clay pellets, which accumulate as linear dunes 
and lunettes (Bowler and Wasson, 1984). The late Holocene dune-building phase in 
Australia, as observed by Wasson (1983b, 1987) and Wopfner and Twidale (1988, 1992) 
is difficult to explain, as it occurred during an interglacial period. However, evidence of 
an intensification of Aboriginal land use at this time, such as the use of fire for hunting, 
has been documented in central Australia (Smith, 1987), leading Wasson (1987) to 
suggest that this period of dune building may be anthropogenically driven. 
1.3. DEVELOPMENT OF SAND DESERTS 
The development of sand deserts, and more particularly the source of sand 
material and the distance and mechanism of its transport, has been the subject of a 
considerable number of studies throughout the world. For example: 
• Killpecker Dunefield, USA - Ahlbrandt, 1974, 
• Namib Desert, southwestern Africa - Besler, 1980; Lancaster and Oilier, 1983, 
•Thar Dunefield, India- Goudie and Sperling, 1977; Wasson et al., 1983, 
•Rub' al Khali Desert, Saudi Arabia - Edgell, 1989, 
•Simpson Desert, Australia - King, 1960; Twidale, 1972; Wasson, 1983b and 
•Sahara Desert, northern Africa - Mainguet, 1978; Fryberger and Ahlbrandt, 
1979. 
In these studies two main hypotheses have been proposed to explain the 
formation of dunes within sand deserts. These are the wind-rift and downwind aeolian 
extension hypotheses (Mabbutt, 1977), which correlate broadly with the autochthonous 
and allochthonous definitions of Mainguet et al. (1983). In the wind-rift hypothesis, the 
parent material is believed to be prior alluvial or aeolian deposits with dunes forming by 
the vertical corrasion of inter-dune swales, accompanied by lateral displacement of sand 
and upward growth of nearby ridges (Aufrere, 1928; Belknap, 1928; King, 1960; Folk, 
1971). This mechanism of dune formation is consistent with an autochthonous source of 
sand, proposed by Mainguet et al. (1983), where sediment is derived from areas within 
the basin of deposition. 
The wind-rift hypothesis contrasts with that of that of aeolian extension, in which 
dunes are envisaged as growing downwind from individual points of sand supply 
(Madigan, 1936; Bagnold, 1941; Price, 1950; Twidale, 1972; Fryberger and Ahlbrandt, 
1979). These individual point sources may be fluvial deposits or large aeolian deposits 
upwind of the area in question. Downwind or allochthonous transport, as defined by 
INJ'RODUCT/ON 6 
Mainguet et al. (1983), enabled the transport of sand into the desert areas, thereby 
eliminating the necessity for major dunefields to be located only in drainage basins. This 
idea contrasts with that of Wilson (1973), who believed that almost all large sand deserts 
(ergs) were confined to basin areas and terminated at any pronounced break in slope. 
Both of these mechanisms of dune formation have been advanced to explain 
features observed within the Australian deserts. Madigan (1946) suggested that 
meandering channels of prior drainage systems in the Simpson Desert were the original 
point sources for sand deposition, whereas Twidale (1972) believed that sand ridges may 
have extended downwind from source-bordering dunes on the lee side of sandy playas 
such as are found in the Kallakoopah Lakes region. Similarly, on the basis of 
mineralogical and morphological studies, Campbell ( 1968) suggested that dunes in the 
western Gawler Ranges of South Australia were derived by the downwind transport of 
sand from sources - 30 km to the west. The hypothesis for the downwind transport of 
sand is however not supported by the work of Folk (1978), Wasson (1983a, b) and 
Buckley (1989), who, on the basis of the physical characteristics of Simpson Desert 
sands, suggest that sands have not been blown great distances from their source areas. 
In contrast to the hypothesis of downwind transport, King (1960) and Folk 
(1971) in studies of the Simpson Desert, and Rowan and Downes (1963) in studies of 
the Mallee Dunefield, have proposed a wind-rift origin for dunes. 
Similar debate as to the origins of sand depqsits has also taken place for many of· 
the other major sand desert areas throughout the world. Besler (1980) proposed that 
sands of the Namibian sand sea, were essentially of fluvial origin, deposited into low-
lying areas by alluvial fans and later re-worked by winds into the present-day dunes. In 
contrast to this, Lancaster (1981) and Lancaster and Oilier (1983) suggested that high-
energy winds in the southern Namib may have transported sand from the Orange River 
into the dunefield area. 
Studies in the Sahara Desert by Wilson (1973), Mainguet (1978, 1983), 
Fryberger and Ahlbrandt (1979) and Preiffer and Grunert (1989) have all concluded that 
the bulk of the sand was derived from regions outside the present area of deposition (cf. 
Capot-Rey, 1970) and that aeolian transport across distances > 100 km and in some 
areas > 1000 km, has taken place. Similar distances of aeolian transport have been 
proposed by Glennie (1983) for the Lower Permian Rotliegend Desert sedimentation in 
the North Sea area of Europe, and were suggested to have taken place during major 
periods of Southern Hemisphere glaciation. 
In comparison to this, Wasson et al. (1983) suggested that the majority of dunes 
in the Thar Dunefield were the result of aeolian re-working of underlying spreads of 
alluvium deposited by the ancestors of the modern rivers of the northern Gujarat Plain. 
However, there is some evidence to suggest that fine-grained silts, sands and carbonate 
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material were derived from the aeolian transport of sediments from the coast of the 
Arabian Sea to the southwest (Goudie and Sperling, 1977). 
From this review, it is clear that the source of sand and the mechanism of its 
transport to many of the world's major sand desert areas are still open to discussion, and 
most probably vary within and between deserts. In any attempt to resolve these questions 
further, it is important to gain an accurate picture of the provenance areas for the sands 
which make up the dunes. The determination of the provenance areas for sands in the 
Australian continental dunefields is therefore one of the main aims of this study. 
1.4. PROVENANCE DETERMINATION 
The term provenance relates to origin, and when applied to a sedimentary 
deposit, is associated primarily with the source rocks from which the sediment was 
derived. The determination of the provenance of sedimentary deposits is complex 
because they form part of a dynamic and constantly changing system. This system is 
made up of a series of reservoirs, between which sediment cycling is a continuing 
process. Some reservoirs act as sources of material while others are temporary storages. 
Sediments within the system may have undergone several cycles of erosion, transport and 
burial before reaching their current location. 
The Australian continental dunefield represents part of the Australian sedimentary 
system. Within this system, a quartz grain currently exposed in a longitudinal dune may, 
for example, have been crystallised in a Precambrian granite, subsequently eroded and 
deposited in a sandstone during the Cambrian, then metamorphosed during the 
Ordovician before once again being eroded and transported by rivers into a Cretaceous 
basin. Following a period of stability, these Cretaceous deposits may have been re-
worked into a Tertiary/Quaternary fluvial deposit then an aeolian dune, where the quartz 
grain is currently exposed. By definition, the geologic unit associated with each part of a 
sedimentary cycle forms the provenance or source region for the subsequent unit. Thus a 
quartz grain presently exposed at the surface of a longitudinal dune may have had a large 
number of previous source regions. 
In any study of provenance therefore, what is meant by source region must be 
carefully defined. The terms ultimate and proximate source are commonly used to 
differentiate between older crystalline material and younger sedimentary deposits in 
sediment provenance studies (Pettijohn, 1975; Ehlers and Blatt, 1982; Pettijohn et al., 
1987). The ultimate source of a quartz grain is loosely defined as the igneous or 
metamorphic rock in which it was originally crystallised. Its proximate source is the rock 
or environment from which the grain was most recently eroded. In first cycle sands the 
ultimate and proximate sources are the same, whereas in multi-cycle sands, they differ. 
These definitions, while adequate in some cases, may in others appear ambiguous 
or contradictory. The term ultimate source, as it is presently defined, includes both 
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igneous and metamorphic rocks. This definition in itself is misleading, since metamorphic 
rocks are produced by the alteration of pre-existing igneous and sedimentary rocks and 
do not therefore represent the original parent rock. 
In this study, the term protosource will be used to describe the parent igneous 
rock in which the grain was originally crystallised. This definition may be extended to 
include in situ produced metamorphosed derivatives of these igneous parents, but it 
excludes meta-sedimentary deposits which may have been re-cycled from many different 
areas. The term source will be used more generally to describe the large number of 
intermediate reservoirs which have existed in the sedimentary system between the 
protosource region and the current aeolian dune deposit. 
1.5. AIMS AND THEORETICAL BASIS OF STUDY 
As discussed earlier, one of the most striking features of the Australian 
continental dunefields is the correspondence between dune orientation and current wind 
regime. This gives rise to the possibility of very long distances of aeolian sand transport 
within and between the dunefields. In this way sand grains which at one time made up a 
dune overlying the Yilgarn Craton for example, may have been blown along dune trend 
for hundreds of kilometres across the Great Victoria Desert to where they presently 
reside in a dune of the Simpson Desert. Similarly, sand grains from sedimentary rocks 
may have been re-worked and blown downwind for considerable distances. Therefore, 
one of the main aims of this thesis is to assess the distances of transport for sand in each 
of the major Australian continental dunefields and to determine the probable mechanisms 
for such transport. It is important to understand at this stage, that sand transport has 
probably taken place in a number of different steps and that the present position of a 
particular grain is the combination of all of these. To determine the details of each of 
these steps would be an almost impossible task and therefore this study will concentrate 
on sand transport on two scales. 
The first is the distance of transport from the original protosource areas of sand 
to its present location. This distance is the summation of all the individual transport steps 
which have occurred throughout the history of each grain and thus has taken place over a 
considerable time period. Fundamental to the determination of transport at this scale is 
the identification of sand protosource areas and therefore much of the thesis will focus 
on this area. 
The second scale on which transport will be considered is that from the most 
recent sources of sand (either protosources in first cycle sediments, or sources in 
multicycle material) and into the current dunes. This transport step is the one most 
recently experienced by the sand grains and is thought to have occurred in the last - 2.5 
Ma following the trend towards an arid climatic regime in Australia (see Chapter 1.2). 
During this time frame, aeolian processes are thought to be more important than fluvial 
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mechanisms for the transport of sand. Therefore this scale is important if we are to 
consider the distances of aeolian transport around the "anti-clockwise whorl" of 
dunefield orientations. 
From the consideration of transport at these two scales and the determination of 
the protosource areas for sand, many questions relating to the development of the 
Australian deserts may be answered. These questions include: Are the dunefields made 
up of sands from local or distant protosources/sources? How far has sand been 
transported? Has this transport been via aeolian, fluvial or marine mechanisms? An 
understanding of the number of protosources for individual desert areas and their relative 
inputs will also give an idea of the homogeneity of sands and hence the degree of their 
mixing both within and between dunefields. The information obtained will aid in the 
determination of the amounts of sedimentary material which have been eroded from the 
different basement areas of Australia. This determination will enable an assessment to be 
made as to the relative carrying capacities and flow directions of the major transport 
mechanisms which brought sediments into the deserts. 
Given these aims, the fundamental premise on which this project and most other 
provenance studies are based, is that sands derived from different protosource rocks will 
have features (both physical and chemical) characteristic of those rocks. The study of 
sand samples from across the dunefields, aims to identify these characteristic features and 
. to trace them back to the different protosource regions. It is likely that during many of 
the processes involved with sedimentary cycling, these features have altered. What is 
seen in sands from the present dunefields may be the combination of features from the 
protosource region and from those formed in the sedimentary system. 
Sands of the Australian continental dunefield are composed primarily of quartz 
grains which make up on average 90-95% of the bulk sample. Because of its ubiquitous 
nature and simple chemical composition, the tracing of quartz through the sedimentary 
environment has long been a problem for geologists. The stable oxygen isotope 
signatures of quartz separated from bulk samples have been used in some cases to 
provide direct evidence of protosource regions (ie. Churchman et al., 1976; Lawrence, 
1979; Chartres et al., 1988). 
The remaining 5-10% of the bulk sand is made up of accessory mineral species, 
which are either less dense than quartz (eg. feldspar and clays) or are more dense (eg. 
zircon, hematite and rutile). These heavy mineral species are of most use in the direct 
determination of protosource regions with many of them being characteristic of discrete 
igneous and metamorphic rock types. The presence of certain heavy mineral species such 
as hematite and goethite, commonly found in weathering profiles, provides evidence of 
the intermediate sources of sand. The use of U-Pb dating techniques on single zircon 
grains separated from the heavy mineral fraction of dune sands can be used to give direct 
evidence on both the protosource rock types and region. 
INI'RODUCTION JO 
Analytical procedures carried out on bulk sand samples, for example the 
determination of Munsell colour indices and grainsize parameters, and the examination of 
grain surf ace features, while providing only indirect evidence of protosource, yield useful 
information on the more recent source regions. 
The effectiveness of these analytical procedures for the determination of the 
protosource region for sands currently exposed within the Australian continental 
dunefield is dependent on the amount of sedimentary cycling which the sand has 
undergone. In areas where sands have undergone limited re-cycling, determination of 
protosource may be relatively simple because many of the features characteristic of the 
region will have been retained. In other areas however, where sands have undergone 
significant sedimentary re-cycling, the determination of provenance region is rendered 
more difficult by the over-printing of characteristic features by others related to 
processes of sedimentary transport, weathering and deposition. The picture in these areas 
may be further complicated by the presence of sands from more than one protosource 
region, each contributing grains with their own characteristic features. 
1.6. OUTLINE OF THESIS 
This thesis contains two major sections. The first section, titled "The 
Dunefields", considers the Australian continental dunefield in four major desert areas. 
For each desert area, the present morphology of the dunes and their chronology, the 
climate and vegetation patterns of the region, and the generalised stratigraphy underlying 
the desert are described. The results of studies carried out to determine variations in 
Munsell colour indices, grainsize parameters, heavy mineral assemblages and stable 
oxygen isotopes from across the desert area are then presented. These results are 
interpreted and discussed in terms of the possible protosource and source regions for the 
desert areas. 
The initial section is divided into five chapters. The first (Chapter 2) outlines the 
experimental methods used and their theoretical basis, while the remaining four chapters 
cover the four desert regions considered in the study. These regions are the Great 
Victoria Desert (Chapter 3), the Simpson, Strzelecki and Tirari Deserts (Chapter 4), the 
Mallee Dunefield (Chapter 5) and the Great Sandy and Gibson Deserts (Chapter 6) 
respectively. 
The second section, titled "Protosources and Sedimentary History", discusses the 
results of two studies investigating different aspects of the sedimentary cycle as they 
relate to the sands of the Australian continental dunefield. In the first of these (Chapter 
7), the determination of protosource region using the U-Pb dating of single zircon grains 
provides the first definitive method of carrying out sedimentary protosource studies. The 
second (Chapter 8) uses Scanning Electron Microscopy of sand-grain surface features to 
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interpret both the recent environmental conditions experienced by sand grains and 
possibly the climatic regimes to which they have been exposed in the past 
The final chapter of the thesis draws together the results obtained during this 
project into a summary of the origins of sands within the Australian continental 
dunefield, concentrating on their protosource regions, but also investigating other 
aspects of their sedimentary history. 
SECTION ONE 
THE DUNEFIELDS 
The Walrus and the Carpenter 
Were walking close at hand: 
They wept like anything to see 
Such quantities of sand: 
"If this were only cleared away," 
They said, "it would be grand!" 
"If seven maids with seven mops 
Swept it for half a year, 
Do you suppose," the Walrus said, 
"That they could get it clear?" 
"/doubt it," said the Carpenter, 
And shed a bitter tear. 
12 
Lewis Carroll (1872) 
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CHAPTER 2 - METHODS 
2.1. SAMPLE COLLECTION PROCEDURE 
Approximately 950 sand samples were collected from areas across the Australian 
continental dunefields. In general - 1 kg of sand was taken from the crest of the dune at 
a depth of 5 - 10 cm below the surf ace. Where samples were taken from interdune areas, 
sand plains or from pit localities (ie at depth) this is recorded in Appendix I. Due to the 
rugged nature of many of the desert areas, the collection of samples was limited to areas 
where vehicle access was available. This has meant that some desert areas have not been 
covered during the course of this study. The exact locations of samples were obtained 
using GPS satellite technology, and are tabulated in Appendix I. 
2.2. MUNSELL COLOUR INDICES 
2.2.1. Introduction 
One of the most striking features of many arid desert areas worldwide is their 
bright yellow and red coloured sands. The study of such colours and their regional 
variations across dunefields has been the focus of numerous investigations (eg Norris and 
Norris, 1961; Walker, 1967a, b; Walker et al., 1978; Gardner and Pye, 1981). One of the 
main areas of interest and the cause of considerable controversy is centred around the 
factors involved in the development of colour and their relation to the depositional 
histories of desert dunefields. Norris (1969), Lancaster (1989) and Walker (1979), in 
their studies of the Simpson, Namibian and Libyan Deserts respectively, have reported a 
general progression from white to yellow and then red dune colours with increasing 
distance downwind from their sources. This progression they believe to be due to an 
increasing time of exposure and is considered to be evidence for sand reddening during 
active dune movement. In contrast to this, Bowler and Magee (1978), using samples 
from the Mallee Dunefield, have suggested that the process of dune reddening is 
inhibited and may even be prevented if sands do not remain stable for periods long 
enough to allow pedogenesis to take place. Wasson (1983a) and Callen and Farrand 
(1987), in their studies of sands from the Simpson and Strzelecki Deserts, concluded that 
reddening of dune sand occurred prior to dune construction and colour ultimately 
reflected sediment provenance and not diagenesis during transport. Folk ( 1969) believed 
that the reddening of sand in the Simpson Desert was related to the incorporation of 
sediment derived from local red lateritic soils in the dunes. 
These latter studies indicated that dune colour may be related to the sediments 
from which the sands were recently eroded. Detailed studies therefore of sands within 
individual dunefields were undertaken to assess both the local and regional variations in 
colour parameters. These parameters were then assessed in terms of the information they 
provided on the source rocks of sands in different areas of the deserts. 
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2.2.2. Methods and terminology 
Sand colours are most conveniently measured by comparison with a standard 
colour chart. In this study, Munsell Soil Colour Charts ( 1988) were used. Samples were 
first dried (at 800C) and then examined in the laboratory under uniform lighting 
conditions. Colour is described here in terms of 3 variables: 
1) Hue, which indicates the relation of a colour to red, yellow, green, blue and 
pwple. The symbol for hue is the letter abbreviation of the colour of the rainbow (R for 
red, YR for yellow/red, Y for yellow) preceded by the numbers 0 - 10. Thus 5 YR is in 
the middle of the yellow/red hue which extends from 10 R to 10 YR. 
2) Value, which indicates the lightness of a colour and extends from 0 for 
absolute black to 10 for absolute white. 
3) Chroma, which indicates the strength of a colour or its departure from neutral 
of the same lightness. The notation for chroma consists of numbers beginning at 0 for 
neutral greys and increasing at equal intervals to a maximum of about 20 which is never 
really approached in soils. 
In writing Munsell notation, the order is hue, value, chroma. Thus a sand with a 
hue of 2.5 YR, a value of 5 and a chroma of 7 is written 2.5 YR 5n. The colour 
parameters of each individual sand are tabulated along with sample location in Appendix 
I. 
2.3. GRAINSIZE PARAMETERS 
2.3.1. Introduction 
The study of the grainsize characteristics of aeolian sediments began with the 
pioneering work of Udden in 1898. Since then, work on aeolian sediments and 
associated processes has concentrated on grainsize variations at two levels: 
1) within individual dunes 
2) regionally across dunefields 
Individual dunes exhibit significant textural differences between different 
locations on the dune surf ace. About half the dunes reported in the literature have crests 
that are coarser grained than their flanks or interdune flats. Studies of linear dunes in the 
Simpson Desert (Crocker, 1946; Folk, 1971), and in the southwest Kalahari (Lancaster, 
1986) have reported that sands are coarser, but better sorted towards dune crests. 
Chaudhri and Khan (1981) suggest that such crestal coarsening may result in part from 
selective removal of fine material by winnowing. On the other hand, Bagnold (1941) and 
Lancaster (1981) in samples from the Libyan and Namibian Deserts respectively have 
reported fine-grained, well sorted, near-symmetrical populations from crestal and slip-
face sands and a coarse moderately sorted and positively skewed distribution for sands 
from interdune areas. The relatively poor sorting of interdune sands in comparison with 
those from crestal areas was suggested to be a direct consequence of aeolian transport 
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mechanisms (Warren, 1972; Lancaster, 1986). Coarser and therefore slower moving 
creep populations remain close to source areas and in interdunes, while fines tend also to 
be concentrated in interdunes where they can penetrate between coarser grains. The 
resultant population is therefore, strongly bi-modal giving rise to the observed poor 
sorting. 
On a more regional scale, grainsize parameters are found to vary with position 
within given dunefields. Numerous studies, including Ahlbrandt (1975) from the 
Killpecker Dunefield, Wyoming, Lancaster (1982) from the Namibian Desert, Lancaster 
(1986) from the Kalahari, and Khalaf (1989) from the Kuwaiti Desert, have shown that 
sands become finer and better sorted in the direction of downwind transport. In contrast 
to this, Buckley (1989) found only slight regional variations within samples from the 
central Australian dunes. 
To date, very few comprehensive studies on the grainsize characteristics of the 
Australian Deserts have been carried out. Most of the data appear as analyses published 
as appendices to papers on related topics and little attempt has been made at their 
interpretation. Exceptions to this are the papers of Folk (1971), from the northwest 
Simpson Desert, Wasson (1983a) from the Simpson and Strzelecki Deserts and Buckley 
(1989) from the central eastern Gibson and Simpson Deserts. There is therefore a lack of 
comprehensive grainsize data from the majority of the Australian continental dunefields. 
This study assesses the regional variability in grainsize parameters of sands from 
across the major Australian Deserts. From these data, information has been obtained on 
the homogeneity of sands within individual deserts, and also on the means of sediment 
transport into and around the dunefields. 
2.3.2. Methods 
Sand samples from dune crests throughout the Australian desert dunefields were 
chosen for analysis of their grainsize parameters. Following oven drying, samples were 
sieved at 1/2 <I> intervals (i.e. at 63, 90, 125, 180, 250, 355 and 500 µm), and grainsize 
parameters of mean, sorting and skewness were calculated using the moment statistics of 
Friedman (1961). The fourth statistical moment of kurtosis is not considered to be 
environmentally sensitive (Friedman, 1961) and therefore was not calculated in this 
study. 
Mean grainsize is quoted in both µm and phi (<I>) units, the relationship between 
the two being defined as: 
phi (<I>) = - log2 (mm) 
Table 2.1 shows the size scales for sand grains in both c<;>nventional (µm) and phi 
(<I>) notation, along with the grainsize class terminologies proposed by Friedman and 
Saunders (1978). 
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SIZE 
nm µm phi (<p) 
Sediment class 
terminology 
4 to 2 4000 to 2000 -2 to -1 very fine pebbles 
2 to 1 2000 to 1000 -1 to 0 very coarse sand 
1 to 0.5 1000 to 500 0 to 1 coarse sand 
0.5 to 0.25 500 to 250 1 to 2 medium sand 
0.25 to 0.125 250 to 125 2 to 3 fine sand 
0.125 to 0.063 125 to 63 3 to 4 very fine sand 
0.063 to 0.031 63 to 31 4 to 5 very coarse silt 
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Table 2.1: Size scales of Udden (1914) with grainsize class terminologies proposed 
by Friedman and Saunders (1978). 
2.3.3. Geological significance of sample statistics 
Mean Grainsize CM~ 
The mean grainsize indicates the central tendency of a curve, or the average size 
of a sediment It represents the average energy or velocity of the depositing agent. 
Bagnold (1941) determined the optimum grainsize for saltation transport by wind to be 
85 - 560 µm. However, the mean grainsize of a sediment is also dependent on the size 
distribution of the available source materials. 
Standard Deviation Ccr1t 
The standard deviation or sorting of a sedjment is .a measure of the spread of 
values about the mean. It represents the fluctuations in energy (velocity) of the 
depositing agent about its average velocity (Sahu, 1964). An increase in sample sorting 
(or a lower standard deviation) is generally associated with a increased amount of aeolian 
transport. 
Skewness (Skit 
Skewness measures the degree of asymmetry in any statistical system, or the 
position of the mean with respect to the median. The size vs frequency distribution curve 
of an aeolian sand is generally seen to have a truncated tail at the coarse grained end in 
comparison to a normal curve, thus indicating positive skewness. 
The mean grainsize, sorting and skewness of any sedimentary deposit are 
however ultimately dependent on the sediment grainsize distribution of its source. 
Sedimentary processes of erosion, transport, local re-working and mixing of sediments 
all take part in the alteration of this initial system. 
2.4. HEAVY MINERAL ASSEMBLAGES 
2.4.1. Introduction 
Heavy minerals, the minor high density detrital component of sands, are sensitive 
indicators of source rock type and have been used in numerous studies of sediment 
provenance and dispersal. Detrital mineral associations characteristic of the major classes 
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of source rocks have been summarised in Feo-Codecido (1956), Pettijohn (1975) and 
Pettijohn et al. (1987). Some heavy minerals are diagnostic of particular types of source 
rock, while others are more ubiquitous and occur in nearly all possible parent materials. 
The determination of sediment provenance or protosource using heavy mineral 
associations is complicated by processes occurring both during and after source area 
weathering. Processes of transportation, deposition and post-depositional alteration can 
all cause major modifications to heavy mineral assemblages (Morton, 1985). Moreover, 
recycling of pre-existing sands which themselves had a provenance and history of 
transport, as well as the possibility of multiple source areas, further obscure the overall 
picture. 
The question of the protosource of sand in many of the world's deserts has been 
examined using heavy mineral associations. Lancaster and Oilier (1983) showed, on the 
basis of heavy mineral distributions, that the Namib sand sea largely originated in 
metamorphic rocks to the south of the desert and reached the Namib via the Orange 
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River, while the primary source for the Killpecker dunefield, Wyoming, was 
demonstrated to be the Green River formation (Ahlbrandt, 1974). Khalaf (1989) believed 
that aeolian deposits in Kuwait were largely derived from the lower Mesopotamian 
floodplain deposits, but did not suggest the protosource region. 
Only a limited number of studies have been carried out to examine the heavy 
mineral assemblages of sands within the Australian continental dunefields. Of these only 
Carroll (1944, 1952) in the Simpson Desert, Wasson (1983a) in the Simpson and 
Strzelecki Deserts, Brown (1959) and Veevers and Wells (1961) in the Great Sandy 
Desert, have used the data obtained to examine sediment provenance. The conclusions 
reached in these earlier investigations will be discussed along with the results from the 
present study in Chapters 3 - 6. 
2.4.2. Methods 
Heavy minerals were separated from bulk sand samples using tetrabromoethane 
(C2H2Br4 : 2.96 g.cm-3) and subsequently with diiodomethane (CH2I2 : 3.3 g.cm-3). The 
two resulting fractions of density 2.96 - 3.3 g.cm-3 and > 3.3 g.cm-3 were then analysed 
by x-ray diffraction and their mineralogy determined using qualitatative identification 
programs (µPDSM - Fein Marquart). The relative percentages of the different heavy 
mineral species were quantified on the basis of the intensities of the major peaks in the x-
ray diffraction pattern and confirmed by microscopic examination of grains. 
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2.5. OXYGEN-ISOTOPE VALUES 
2.5.1. Introduction 
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The stable oxygen-isotope values of quartz grains accurately records that of their 
parent bedrock. This value has been shown in numerous studies to be most resistant to . 
alteration and isotopic exchange in low-temperature environments (Clayton et al., 1978), 
and can therefore be used to characterise different rock types. The stable oxygen-isotope 
ratio of quartz is generally given using the (518Q nomenclature as defined below and is 
quoted relative to the international standard V-SMOW (Vienna - Standard Mean Ocean 
Water). 
Considerable research has been carried out to characterise the oxygen-isotope 
composition of quartz from all environments (eg Taylor and Epstein, 1962; Taylor, 1968; 
Syers et al., 1969; Savin and Epstein, 1970). Figure 2.1 summarises the variations in the 
(518Q values of quartz from different types of rocks and sediments. The (518Q values of 
quartz of igneous derivation are generally in the range 6 to 12%0, whereas quartz of low-
temperature origin is characterised by much heavier values in the range 15 to 35%0. 
Quartz from other sedimentary and metamorphic rocks generally have intermediate 
values dependant on that of their precursor quartz. 
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Figure 2.1: Summary of the variations in the (518Q values of quartz from different 
types of rocks and sediments. Data from Yeh and Savin (1977) refer to their study of 
variations in the (518Q values of fine grained quartz as a function of burial depth. Figure 
from Blatt (1987). 
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Numerous studies of oxygen-isotopic ratios in quartz have been carried out with 
the aim of determining the provenance of quartz grains in glacial, fluvial and aeolian 
sediments and soils (eg Clayton et al., 1972; Jackson et al., 1972; Churchman et al., 
1976; Lawrence, 1979; Jackson, 1981; Chartres et al., 1988). 
2.5.2. Methods 
Quartz separates for oxygen-isotope analysis were prepared by the following 
method starting initially with 15g of dry bulk sample : 
1) remove heavy accessory minerals using tetrabromoethane (C2H2Br4) 
(density 2.70 g.cm-3) 
2) sieve samples and retain the 63 - 355 µm fraction 
3) remove iron-oxide coatings using hot (100°C) 3M HCl (1 hr) 
4) remove remaining accessory minerals (eg feldspar) using 6M HF (6 hr) 
5) wash twice in demineralised water under gentle ultrasonic agitation 
Previous studies have used H2SiF6 in the pre-treatment (step 4) of fine grained 
dust samples for isotopic analysis (Syers et al., 1968; Sridhar et al., 1975; Jackson et al., 
1976). However, the coarser grained nature of desert sands makes this process 
inadequate for the removal of impurities in these samples. The effectiveness of the 
procedure outlined above was assessed by means of a quantitative analysis of Al (using 
Inductively Coupled Argon Plasma Spectrometer (ICP)), and was shown to reduce the 
quantities of feldspars and other accessory minerals present in quartz separates to the 
level where they have a negligible influence on the o18Q value of quartz. This level has 
been calculated assuming the Al content of feldspar to be - 15%, and a maximum 
difference in o18Q values of quartz and feldspar of 2.5o/oo. 
Oxygen for isotopic analysis was released quantitatively from dried and out-
gassed 10 - 15 mg samples by reaction with bromine pentafluoride at 550°C (Clayton 
and Mayeda, 1963). Oxygen liberated by this technique was quantitatively converted to 
C02 by platinum catalysed reaction with an incandescent graphite rod and the o18Q ratio 
of the resultant gas measured using a Finnigan MAT-251 mass spectrometer. Oxygen 
isotopic values (o18Q) are reported in per mil (parts per thousand, %0) relative to the 
standard V - SMOW, defined as having a o18Q value of 0.0%0. On this scale, a value of± 
9.64o/oo is accepted for the African Glass Standard NBS-28. The mass spectrometer 
working gas used in this study was the ANU silica glass standard, ANU-Si (13.25%0). 
Following analysis, a raw o18Q value was calculated relative to the working standard. 
The expression used for calculating o18Q is:-
01sosamp1o (o /oo) = ( 0 / 0 Sample) - ( 0 Standard) X lOOO { 18 16 18 /16 0 } 
V - SMOW 18Q /16 Q Standard 
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This value was then fitted to a regression line calculated using the two calibrating 
standards to obtain a final value relative to V - SMOW. 
Precision of the analytical technique for replicate analysis of the ANU-Si standard 
is better than± 0.2%0, however duplicate analyses of sand samples generally showed a 
larger error. The poor reproducibility of sand analyses is probably due to the coarse 
grainsize of samples, leading to homogeneity problems. In general, duplicate analyses 
from sand samples differed by< 0.5o/oo. If differences were greater than this, a triplicate 
determination was made. 
CHAPTER 3 - GREAT VICTORIA DESERT 
3.1. INTRODUCTION 
3.1.1. Location of dunefields 
21 
The Great Victoria Desert covers an area of approximately 240,000 k:m2 and lies 
near the southern margin of the Australian continent in western South Australia and 
southeastern Western Australia (Figure 3.1). 
The vast majority of sedimentary rocks presently beneath the Great Victoria 
Desert form the Phanerozoic cover of the Officer Basin, which is bound to the north by 
the Musgrave Block, to the west by the Yilgam Block and to the south and southeast by 
the Gawler Craton. Officer Basin sedimentary rocks are cut on their southern margin by 
sediments of the Eucla Basin and merge with those of the Canning Basin further to the 
northwest. The northwest portion of the Officer Basin is overlain by dunefields which are 
ascribed to the southern Gibson Desert. The boundary betweeen the Great Victoria and 
Gibson Deserts is poorly defined but lies approximately at a latitude of 26°S and is 
loosely marked by a change in dune orientation from predominantly west-east in the 
Great Victoria Desert to a random orientation in the southern Gibson Desert (Daniels, 
1969). 
In the region underlain by the Officer Basin sedimentary rocks, the landform 
pattern of the Great Victoria Desert is characterised by numerous longitudinal dunes and 
relict palaeo-drainage channels and playas (Figure 3.2). Further to the west, and outside 
the extent of the Officer Basin, sediments of the Great Victoria Desert overlie the 
Yilgam Block. In this region the surface exposure is a complex interaction of lateritic 
breakaways, mesas and palaeo-rivers with only a few scattered dunes forming along 
small valleys. The change in outcrop pattern between these two areas within the Great 
Victoria Desert was first reported in 1934 by Jutson, who wrote: 
" The great abundance of sand ridges in the Sandland (Officer Basin) and their 
comparitive scarcity in Salinaland (Yilgam Block) are not due to any great differences 
in rainfall, but are due almost entirely to the lithological composition of the rocks of the 
respective divisions. Granite provides sand, but not in the same quantity as the 
sedimentary rocks" 
3.1.2. Climatic conditions and vegetation types 
The climatic regime currently active in the Great Victoria Desert is classified as 
semi-arid to arid, with erratic rainfall levels averaging 150 - 230 mm per year. The 
potential evaporation for the area far outweighs this, averaging 2800 - 3300 mm per 
year. Further to the southeast, the Great Victoria Desert extends into relatively higher 
rainfall areas in the central Eyre Peninsula. 
The dominant wind direction for the region is westerly, with records at Woomera 
on the eastern edge of the desert (300 km southeast of Coober Pedy) showing a 
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dolilinance of strong winds (> 35 km hr -1) varying between southwest and northwest, 
with a lesser low wind strength component (< 20 km hr -1) ranging from the southeast 
to the southwest (King, 1960). In general, the present wind strengths in the Great 
Victoria Desert are considered insufficient to cause significant sand movements (Ash and 
Wasson, 1983). However, the combination of unseasonably strong winds and poor 
vegetation cover on dunes results in occasional summer dust storms. 
The major vegetation assemblages present in the desert have been studied by 
Beard (1969), who records spinifex (Triodia basdowii) as being common on dunes (< 
10% coverage) with low trees (Eucalyptus pyriformis, E. gongylocarpa, Acacia aneura 
and Casuarina spp.) (< 10% coverage) common in valleys and inter-dune corridors. The 
number of these low trees increases towards the southeast, with tall shrubs (< 10% 
coverage) forming the dominant vegetation assemblage in the Coober Pedy area (Ash 
and Wasson, 1983). 
3.2. AEOLIAN LANDFORMS 
Considerable differences exist in the morphology of dunes from west to east 
across the Great Victoria Desert. On the western margin of the desert and overlying the 
Yilgarn Block, lunette dunes (both clay and quartz-rich) are common on the down-wind 
·margins of salt-lakes. These dunes in many cases are considered to represent remnant 
shore-lines associated with changes in lake levels. Sandy lunettes are formed during 
periods of high lake levels, while clay lunettes result from deflation during times of low 
lake levels. Further to the east within the Great Victoria Desert, near the South 
Australia/Western Australia border, small areas of widely spaced dunes are observed. 
These dunes are generally oriented west - east and display few, if any, Y-junctions. They 
range in length from 1 - 15 km, but are, on average, 4 km long and 10 min height. In the 
central Great Victoria Desert longitudinal dunes become more common and are closely 
packed. They have numerous Y-junctions opening to the west and are roughly oriented 
west - east. The height of dunes ranges from 5 - 15 m and their length from 1 - 15 km. 
In general, dunes are shorter in length than those further to the west and have steeper 
southern flanks. To the southeast of the Great Victoria Desert, on the central Eyre 
Peninsula, dunes are oriented northwest-southeast and are, in general, less than 10 km in 
length, closely spaced and 6 - 12 min height. 
At the junction of the Great Victoria and Gibson Deserts, disorganised and 
randomly oriented network dunes are on average 10 - 15 km in length and range in 
height from 3 - 18 m. This complex pattern of dunes has been described by Daniels 
(1969), who ascribed their orientation to the production of eddies at the contact zone 
between two different wind directions. Both the wind directions and dune orientations 
are also modified by the hills and ranges of the underlying Cretaceous claystones of the 
Officer Basin, whose quartz-poor nature futher inhibited dune development. 
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3.3. PALAEODRAINAGES 
Aside from the widespread longitudinal dunes, the most noticeable land.form 
features in the Great Victoria Desert are numerous salt and clay pans ranging from a 
few Ian2 up to 2500 km2. These pans, first described by Gregory (1914), are connected 
into a series of drainage channels which mark the positions of palaeo-rivers believed to 
have been up to 250 km in length. The preservation of such palaeo-drainages results 
from both the subdued relief and tectonic stability of the area and a change from humid 
to arid climate during the Tertiary. Reconstructions of palaeo-drainage channels have 
been made by Mulcahy and Bettenay (1972) (soil mapping), Beard (1973) (vegetation 
mapping), Pitt (1979) (Landsat imagery) and van de Graaff et al. (1977) (altitude 
measurements). Figure 3.2 shows the positions of these palaeodrainage channels as 
interpreted by Pitt (1979). 
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Figure 3.2: Location of drainage channels of Tertiary age in southern Australia, as 
interpreted by van de Graaff et al. (1977) and Pitt (1979). 
In the region of the Officer Basin, palaeo-drainage channels overlie and cut into 
Lower Cretaceous marine sediments, thus constraining their maximum age to be Early 
Cretaceous (van de Graaff et al., 1977). Similar drainages on the Yilgam Block may 
have been active since the Pennian (Barnes and Pitt, 1976). The drainages are believed 
to have been at their maximum extent between the late Eocene and early Miocene and 
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formed the basis of Western Australia's external drainage pattern at this time. Rivers in 
the southern part of the Officer Basin flowed to the Southern Ocean via the Eucla Basin, 
while those further to the north flowed to the Indian Ocean via the Canning Basin 
(Bunting et al. 1974; van de Graaff et al. 1977). To the south of the Officer Basin, 
palaeo-drainage channels stop at the Eucla Basin, which marks the position of the 
Miocene shoreline (Lowry, 1970). This indicates that significant flow in these rivers had 
all but stopped by this time and has never resumed (Lowry, 1970; Beard, 1973). 
The dunes of the Great Victoria Desert overlie and in some cases, partly obscure 
these palaeo-drainage channels. On the Yilgarn Block, small lunettes are commonly 
found on the east and southeast side of salt lakes while sand-plains are most extensive in 
areas of palaeo-drainage channels and lakes (Bettenay, 1962). 
3.4. STRATIGRAPHY 
The stratigraphy of material underlying the Great Victoria Desert is best 
considered in terms of two areas, the Yilgarn Block to the west of the desert, and the 
Officer Basin to the east. 
3.4.1. The Yilgarn Block 
Aeolian material on the Yilgarn Block is underlain by highly weathered, mostly 
Cainozoic sediments. These in turn overlie rocks of the Archaean Yilgarn Block. The 
Yilgarn Block covers an area of approximately 660,000 km2 and is bordered to the west 
and east by Phanerozoic sedimentary basins and to the north and south by other 
Precambrian provinces. Consisting mostly of granitoid rocks (approximately 70%) and to 
a lesser extent of metasediments, mafic rocks and ultra-mafic rocks (greenstone belts; 
- 30% ), the Yilgarn Block can be sub-divided into four major regions (Figure 3.3): 
1) Western Gneiss Terrain 
2) Murchison Province 
3) Southern Cross Province 
4) Eastern Goldfields Province 
In general rocks of the Yilgarn Block range in age between - 3700Ma 
(Meeberrie Gneiss - Western Gneiss Terrain (Kinny et al., 1988)) and 2600 Ma 
(Southern Cross Province (McNaughton and Bickle, 1987)). 
Overlying the crystalline basement material on the Yilgarn Block, is a Cainozoic 
cover consisting of deeply weathered basement rock and a variety of sedimentary 
deposits. This Cainozoic cover is characterised by kaolinitic saprolites overlain by 
structureless to bio-turbated and weakly stratified, sandy clays and clayey sands, and is 
broken by patchy outcrops of emergent ranges and rocky basement terrain (Glassford, 
1987). 
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Figure 3.3: Regional subdivisions of the Yilgarn Block, showing the distribution of 
greenstone belts, granitoids and gneissic rock (from Gee et al., 1981). 
The surficial exposure of the Yilgarn Block comprises a complex assemblage of 
lateritic/saprolitic breakaway terrains, bedrock outcrops, gibber plains, relict palaeo-
drainage channels, playas, claypans and small aeolian deposits. 
3.4.2. The Officer Basin 
The majority of dunes within the Great Victoria Desert overlie sedimentary rocks 
of the Officer Basin. The Officer Basin is an elongate intra-cratonic depression 
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containing sediments of Late Proterozoic to Palaeozoic age, which extends from central 
South Australia to Western Australia. The basin is bordered on the north, southeast and 
west by the Musgrave, Gawler and Yilgam Blocks and by the Permian Arckaringa and 
Tertiary Eucla Basins to the east and south respectively. In the north west, the Officer 
Basin merges with sediments of the Canning Basin. 
The crystalline basement material of the Officer Basin is formed by the Archaean 
to Late Proterozoic rocks of the Yilgam Block to· the west, the Musgrave Block further 
east and the Archaean Mulgathing Complex of the northwest Gawler Craton to the 
southeast (Pain and Morris, 1984). This basement material is overlain by a slightly folded 
and faulted sedimentary sequence 5,500 m in thickness (Geological Survey of Western 
Australia, 1975). The stratigraphy of this sedimentary sequence has been extensively 
investigated by Jackson and Muir (1981), Jackson and van de Graaff (1981) (Western 
Officer Basin), Major (1973, 1976) (Central Officer Basin), Kreig (1972), Brewer et al. 
(1987) and Pitt et al. (1980) (Eastern Officer Basin). A stratigraphic correlation diagram 
between the two regions is presented in Figure 3.4. 
A summary of the geological history of the Officer Basin is presented here with 
special reference to the deposition of sediments in the area. During the Late Proterozoic, 
a thick sequence of littoral or sub-littoral sedimentary rocks were deposited in the Officer 
Basin. These include the sandy quartzites of the Townsend Quartzite, Pidyin Beds and 
Robert Beds to the west, and equivalents of the Burra Group to the east. These beds 
were succeeded by a varied sequence of shallow marine deposits, some of which were 
laid down in evaporitic settings. The Ilrna, Neale and Wright Hill Beds attest to periods 
of very shallow, probably inter-tidal conditions, while widespread evaporites (Browne 
Beds) indicate extensive evaporitic environments. During the Late Proterozoic, several 
periods of glacial activity resulted in the deposition of the tillites and fluvio-glacial 
sediments of the Lupton Beds in the west and the Chambers Bluff Tillite in the east. 
Middle Proterozoic volcanic activity is recorded in the eastern Officer Basin by 
the Wantapella Volcanics which are succeeded by the marine siltstones and limestones of 
the Murnaroo Formation and Rodda Beds. The Rodda Beds to the east of the basin are 
believed to span the Precambrian-Cambrian boundary (Jenkins et al., 1991). 
Shallow marine environments predominated into the Early Phanerozoic with the 
deposition of the Babbagoola Beds to the west of the basin. These beds are believed, on 
the basis of palaeontological evidence, to correlate with the Observatory Hill Beds to the 
east (Jackson and Muir, 1981 ). Overlying the Babbagoola Beds in the west, are the Early. 
Palaeozoic Table Hill and Kulyong Kolcanics (central Officer Basin). These have been 
dated at 575 ± 40 Ma (Compston, 1974). Shallow marine sands of the Lennis Sandstone 
were laid down on top of these volcanics, while the overlying Early Ordovician Wanna 
Beds are of a slightly deeper water marine facies. Unconformably overlying the Wanna 
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Beds thick quartzose sediments of the Paterson Formation were deposited in the western 
Officer Basin by the Permian glaciation. 
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Figure 3.4: Stratigraphy of the Officer Basin showing correlations between Western 
Australian and South Australian sections (Western Australian section from Jackson and 
van de Graaff (1981))(Figure adapted from Pitt et al., 1980). 
To the east of the Officer Basin, the Observatory Hill Beds are overlain by the 
Trainor Hill Sandstone and inter-tongue with the Mt. Johns Conglomerate to the south. 
Sedimentation continued through the Ordovician without any major breaks, but 
conditions of deposition changed as the sea transgressed. Four conformable units were 
deposited during the Ordovician, the lowermost of these, the Mt. Chandler Sandstone 
may be equivalent to the Lennis Sandstone in the west (Pitt et al., 1980). Overlying the 
Mt. Chandler Sandstone are the shales and kaolinitic sandstones of the Indulkana Shale, 
Blue Hill Sandstone and Cartu Beds. The last recorded phase of Palaeozoic activity in 
the eastern Officer Basin occurred during the Devonian and Carboniferous, with 
deposition of the arkosic sandstones of the Mintabie Beds and the lower Permian 
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Waitoona Beds. Palaeozoic sedimentation in the central Officer Basin was described by 
Major (1971, 1976) with a large sandstone inteival containing Boongar Beds overlying 
the Cambrian Kulyong Volcanics. The Boongar Beds have been tentatively correlated 
with the Lower Ordovician Mt. Chandler Sandstone (Kreig et al., 1976). 
The Early Cretaceous in the Officer Basin was marked by a marine transgression 
which deposited a thin layer of fossiliferous marine elastics. These include sediments of 
the Bejah Claystone and Samuel Formation to the west and the Cadna-owie Formation 
to the east (Jackson and van de Graaff, 1981). Following regression of the sea in the 
Early to Middle Cretaceous it seems likely that the area was never again subjected to 
marine conditions. The Early to Middle Cretaceous was marked by the development of 
the integrated drainage system described in Chapter 3.3. These drainages incised into the 
lowermost Cretaceous marine sediments and transported detritus either to the Eucla 
Basin in the south or the Indian Ocean to the northwest. Coincident with the early stage 
of drainage development, the coarse-grained sandstones of the Lampe Beds were 
deposited. These sediments were intensely weathered during the Early Cainozoic, 
developing thick laterite and silcrete profiles (Lowry et al., 1972). A change from a 
humid to an arid climate occurred no later than the mid Miocene and led to the 
induration of these profiles, forming laterite and silcrete duricrusts, thus preserving the 
Early Tertiary landscape. 
During the middle Miocene, the sea returned to the Eucla Basin depositing a 
carbonate sequence which included the Nullarbor Limestone. From the middle Miocene 
onwards, the climate was semi-arid to arid and drainage channels were gradually choked 
by aeolian material leaving behind playas and palaeo-drainage valleys. The current 
surficial exposure in the Officer Basin is a complex assemblage of these playas and 
palaeo-drainage valleys, along with numerous aeolian dunes formed since the middle 
Miocene. 
3.5. STUDIES OF SAND PROVENANCE 
3.5.1. Munsell colour indices 
The Munsell colour indices of samples from 221 sites across the Great Victoria 
Desert and surrounding areas were examined. Figure 3.5 shows a map of the Great 
Victoria Desert area and illustrates the variations obseived in the Munsell hue and value 
indices. Chroma varies little across the region, being consistently between 6 and 7. It can 
be seen from Figure 3.5 that the hue index ranges between 2.5 YR and 7 .5 YR, being 
mainly 5 YR in the centre of the desert and 2.5 YR towards its margins. Similarly, the 
value index ranges from 4.5 - 5 in the centre of the desert to 3.5 - 4 nearer the margins. 
Variations in colour indices from the Great Victoria Desert area can be attributed 
both to differences in the major structural elements of the Australian Craton and to more 
localised surficial features. 
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Figure 3.5: Map of Great Victoria Desert and surrounding areas showing variations in the Munsell hue and 
value indices with sample location. Both sample locations and Munsell Colour Indices are tabulated in 
AppendixL . 
• • • 122" ' • • • ~I~) (3~ . • ·~\ . 137° t" • t • • • • 
.• ,.~ ,. "'" I 1340•. \ (31) ••• • \ - • 
:=:. ~cz'> (24)\ • :fubortaa (41)11.~'" :_(42) _(3~ ~ <:>\·--..·-·-·-·-·--:~ 
~ ~ • (23) ' •• 
•• (22) '(2~ -~~· -~~;. ;•> (14)(1~(1:0) (9)ll (B)l (7) :~ ..._ '- --
"- \ . ;.. ~ ~i >t <16) '~..o\> I\ (6) \ Ooduadalla ; 
280 ~._ ,_;--',\]~·;'i.: :'= -~···j .\ .... ~·· v~~~ ........ ..!f ,.t· :. :.::.... , 
/ (20) \ (1,9). .,. '- i • Q ~ (S) , •• ·i···. - - ,, ..,. ... 
J f - ' , ¢J (4) )\ 
I (13) I - \ (3) (1) 
30" ~ / _, (29) (18)(17) (JS) i - - ' (2~ (30) 
K:alprle ' _. (36) \ 
• ,P (39) ......._ j \ \• ' -T~~ 
elawllma (37)-............ • ~ Onlmlzebound.-y , _, 
/:PIP' ~ I ... ' ~/,? • . • I 
~- .~ ~ P~N-
.. 
,,., OlllllDe m duna6ald 
...... / 
t Simple loadlaal 0 soo km 
N 
' '-
Figure 3.6: Map of Great Victoria Desert and surrounding areas showing the locations of samples 
analysed for their grainsize parameters. Numbers in this figure refer to the samples and grainsize parameters 
tabulated in Appendix IL 
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To the far west of the Great Victoria Desert in the region underlain by the 
Yilgam Block, the deep red (2.5 YR) hue of dunes is associated with prolonged periods 
of intense weathering of the underlying bedrock. The subdued relief and tectonic stability 
of the Yilgam Block has resulted in the intense weathering and breakdown of the 
underlying granite-greenstone terrain to a saprolite/laterite profile (Glassford, 1987). 
This weathering and lateritization was at its maximum during the early Tertiary when 
humid climatic conditions predominated in the region. The process of lateritization 
involves the formation of a strongly iron-enriched zone (laterite) overlying mottled and 
pallid clay-rich zones (saprolite) (McFarlane, 1983). Breakdown of such a laterite profile 
releases significant quantities of iron-oxides which, under the influence of prolonged 
periods of exposure, mix with clays and form the intense red coatings seen on the 
surfaces of sand grains. Such coatings collect in grain depressions where they are 
protected from abrasion during transport (Walker 1979). 
In the western Officer Basin, the deep red (2.5 YR) hue of sands may be a result 
of their derivation from the adjacent Yilgam Block to the east. It is suggested here, that 
the deep red colouration of sand has developed in-situ in the Officer Basin after 
transportation from the Yilgam Block. The rationale behind this is that any iron-oxide 
coatings formed prior to movement into the Officer Basin region would have been 
removed from the surfaces of sand grains during fluvial transport. However iron-oxide 
and clay-rich minerals formed in the laterite profile would also have been carried into the 
Officer Basin along with the quartz. The breakdown of these iron-oxides and their 
subsequent mixing with clays, results in formation of the deep red (2.5 YR) hue on the 
surfaces of sand grains, in the manner discussed above. 
Further to the east in the region of the Great Victoria Desert underlain by Officer 
Basin sedimentary rocks, sand hue becomes less red (5 YR). This decrease of hue in an 
easterly direction from the Yilgam Block points to there having been no significant 
reddening of dunes in a downwind direction as has been proposed in other desert areas 
by Walker (1979) and Lancaster (1989). The observed decrease in reddening in the 
central Great Victoria Desert may be due to several factors. If we assume that sediment 
in the region is derived from both the Yilgam Block (not by downwind aeolian transport 
but probably by fluvial transport) and some other lighter coloured source terrain, then 
this second source would have the effect of diluting reddened grains from the Yilgam, 
thus giving the impression of a lighter colouration. The lighter (less red) colouration of 
this second source may be due to a shorter and less intense period of weathering than 
that which has been experienced by the Yilgam Block. 
The most obvious candidate for this second source is the Musgrave Block which 
lies to the north of the Officer Basin. Laterite profiles are scarce in the Musgrave Block, 
suggesting either, that only minor amounts of weathering have occurred in this area, or 
that evidence for weathering has not been preserved (Edgoose et al., 1993). Scattered 
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dunes overlying the Musgrave Block and sedimentary rocks of the Amadeus Basin are 
also light red (5 YR) indicating a lighter colouration for sands derived from this area, 
thus supporting the hypothesis that they are possible source regions for sands in the 
central and eastern Great Victoria Desert. 
Lying within this zone of lighter red coloured sands in the central Great Victoria 
Desert are two samples which are pale in hue (7.5 YR). Sands showing these colour 
changes are believed to mark the positions of paleao-drainage channels discussed in 
Chapter 3.3. Trunk valleys of these relict drainage systems are commonly marked by 
carbonate-rich or calcrete deposits (Sofoulis, 1963; Sanders, 1973, 1974) giving the 
adjacent sand dunes their pale hue. Comparing the positions of these lighter coloured 
dunes with maps of the paleao-drainage patterns, it can be seen that sample CPL43 
(Figures 3.1, 3.2) may correspond to the position of a trunk valley of the Wanna Lakes 
System, while sample CPL21 may be related to parts of the Serpentine Lakes System 
(Jackson and van de Graaff, 1981). Similar excursions to a less red colouration in sands 
towards the western margin of the Great Victoria Desert may also represent the positions 
of paleao-drainage channels, in these cases possibly the Yeo Lake and its tributaries. 
Yet further to the east within the Great Victoria Desert, sands again are deep red 
in hue (2.5 YR). This change roughly corresponds with a change in the underlying 
sediments from those in the Officer Basin to those of the Arckaringa Basin. Laterite 
profiles associated with the Eyre Formation are common in the Arckaringa Basin and 
adjacent Eromanga Basin. These laterites are suggested to have provided much of the 
iron-oxide material subsequently incorporated into the reddened grain coatings. The 
reddened colouration of sand continues to the eastern margin of the Great Victoria 
Desert where dunes become scattered and eventually merge with pale coloured clay-rich 
material associated with Lake Eyre. 
The southeastern margin of the Great Victoria Desert in the region of the Gawler 
Block and the southern Eucla Basin is characterised by a progressive decrease in dune 
reddening, with increasing proximity to the coast. In general, dunes from this area are 
pale in hue, ranging between 7 .5 YR and 10 YR with some inland sites to the north being 
5YR. 
3.5.2. Grainsize parameters 
Thirtyone samples from the Great Victoria Desert and another 20 from adjacent 
areas were analysed for their grainsize distribution parameters (Chapter 2). These 
parameters are tabulated in Appendix II and the sample locations are shown in Figure 
3.6. In a similar fashion to that in the Munsell colour indices, distinct differences in the 
grainsize parameters were observed depending on sample location. In the west of the 
desert, sands are in general, medium grained, well to moderately well sorted and strongly 
fine skewed, while further to the east, although remaining well to moderately well sorted, 
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sands become more fine grained and fine skewed. Table 3.1 shows the mean values and 
ranges of these parameters from the two different regions. 
The abrupt change between these two grainsize distribution types (Figure 3.6), in 
particular their mean values, suggests two distinct sand source areas rather than a 
progressive grainsize selection process indicative of downwind aeolian transport from a 
single source. Previous studies including Ahlbrandt ( 197 5) from the Kill pecker 
Dunefield, Lancaster (1982) from the Namibian Desert, Lancaster (1986) from the 
Kalahari Desert and Khalaf (1989) from the Kuwaiti Desert have shown that sands 
become finer grained and better sorted in the direction of transport. 
western Great 
Victoria 
Desert (n=l5) 
Mean (Mz) 1.89 ± 0.24 <1> 
270±90µm 
Range (Mz) 1.52 - 2.15 <1> 
225 - 349 µm 
Sorting ( cr1) 0.52 ± 0.08 <1> 
Range (cr1) 0.38 - 0.72 <I> 
.Skewness (Sk1) 0.76 ± 0.26 <1> 
Range (Sk1) 0.31 - 1.64 <I> 
central & 
eastern Great 
Victoria 
Desert (n=15) 
2.36 ± 0.19 <1> 
195 ± 51 µm 
2.07 - 2.63 <1> 
162 - 238 µm 
0.54 ± 0.12 <1> 
0.42 - 0. 73 <1> 
0.46 ± 0.27 <1> 
0.18 - 1.09 <1> 
northern Great 
Victoria 
Desert (n =10) 
2.08 ± 0.34 <1> 
237 ± 113 µm 
1.79 - 2.72 <1> 
152 - 289 µm 
0.56 ± 0.06 <1> 
0.42 - 0.64 <1> 
0.65 ± 0.44 <I> 
- 0.05 - 1.53 <1> 
Yilgarn 
Sandplain 
(calculated from 
Carroll, 1939) 
- 1.65 <1> 
319 µm 
- 1.36 <1> 
- - 0.13 <I> 
Table 3.1: Grainsize parameters for sands from the Great Victoria Desert and 
surrounding areas (errors quoted at 1 standard error level). 
An alternative explanation is that differences observed in the mean grainsize of 
sands are associated with that of the parent bedrock. On and near the Yilgarn Block to 
the west of the Great Victoria Desert the coarser nature of grains may reflect their 
derivation from coarse grained granites. This coarse grainsize along with the tectonic 
stability of the Yilgarn Block has resulted in quartz grains experiencing only limited 
amounts of abrasion and breakdown during sedimentary transport. Their strongly fine-
skewed nature may be related to the protection of fine grains in the inter-particle spaces 
of the coarser fraction. This phenomenon has previously been observed to occur in sands 
from the Tenere Desert, Niger (Warren, 1972). 
The values obtained for grainsize parameters in this study from sites on or near 
the Yilgarn Block correspond well with those of Carroll (1939) who examined sandplain 
material from the Yilgarn Sandland, Southern Cross Province (Table 3.1). This 
correspondence lends support to the hypothesis that the Yilgarn Block is the major 
source of sand to the western Great Victoria Desert. 
Further to the east within the Great Victoria Desert in the central Officer Basin, 
the fine grained nature of sands suggests a different source region and/or deposition in an 
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environment of lower energy. Under such a lower energy environment, finer grainsizes 
would have been deposited. 
Sand from the north of the Great Victoria Desert in the region overlying the 
Musgrave Block is medium to fine grained, moderately well sorted and strongly fine 
skewed. In general the mean grainsize of sand from this area (Table 3.1) is greater than 
that from the central and eastern Great Victoria Desert, but less than that from further to 
the west. The comparatively coarse mean grainsizes observed in sands from both the 
northern and western margins of the Great Victoria Desert points to their being at least 
partially remnant lag deposits overlying weathered protosource terrains. The sands 
observed in the central and eastern Great Victoria Desert (Officer Basin region) may 
therefore represent the finer grained material carried into the basin of deposition by 
fluvial transport from these protosource areas. 
3.5.3. Heavy mineral assemblages 
The heavy mineral assemblages of 25 sand samples from the Great Victoria 
Desert and surrounding areas (Figure 3. 7) were separated and their mineralogy 
determined using the techniques outlined in Chapter 2. The heavy mineral species present 
in these samples and their relative abundances are tabulated in Table 3.2. At first glance 
the mineralogy of sands across the desert appears similar with hematite, rutile and zircon 
present as the dominant species in most samples. Closer investigation however reveals 
that considerable variations exist in both the type and amount of secondary or minor 
minerals present. In the west of the Great Victoria Desert, this secondary heavy mineral 
assemblage is characterised by significant quantities of ilmenite, maghemite and 
andalusite, minor amounts of goethite anatase and tremolite, with sparse staurolite and 
spinel grains. Further to the east within the desert, the mineralogy is marked by the 
presence of significant quantities of tourmaline, topaz and hornblende along with a 
decrease, relative to samples from the west, in the amount of ilmenite and goethite and 
an absence of andalusite and maghemite. 
These differences can be explained in terms of the mineralogy of the protosource 
region and the degree of its post-depositional alteration. In the west of the Great Victoria 
Desert the presence of significant zircon, rutile and amphibole indicates a protosource 
containing significant gneisses or granites, while the abundance of andalusite and 
staurolite indicates a derivation from a medium- to high-grade metamorphic terrain. The 
most obvious protosource region containing both these rock types is the 
granite/greenstone Yilgarn Block. Carroll (1939), in her study of sand-plain soils 
overlying basement material in the Southern Cross Province, Yilgarn Block, was able to 
distinguish between different bedrock types on the basis of the heavy mineral 
assemblages found in the overlying sand material. Predominant zircon with lesser 
quantities of rutile, garnet and amphibole were found in sands overlying gneisses or 
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Figure 3. 7: Map of Great Victoria Desert and surrounding areas showing the locatiOlll of samples analysed 
for their heavy mineral assemblages. Alphabetic codes in this figure refer to Table 3.2. 
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Ffcare 3.8: Map of Great Victoria Desert and surrounding areas showing variatiOlll in oxygen-isotope 
va1uea with sample location and underlying geology. Isotopic values shown are averages of the individual 
analyses tabulated in Appendix Ill 
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Great Victoria Desert Muse:rave Block 
B c c c L M c c c c c c s u s s s s 
J p p p w D s p p p p p p 5 z z z z 
Sample No. 6 L L L I I 2 L L L L L 3 I I I I 
8 6 6 5 2 3 3 4 3 2 I 2 3 0 0 0 I 
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Mineral Name: 
Anatase * m- m+ * m-
Andalusite * m m+ m m- m- * 
Eoidote 
Gamet m m-
Goethite m+ m m+ m- m- m m m m m 
Hematite M M M m M m- M m+ m M m m+ m m+ m+ M m+ m-
Hornblende * m m- m- m m m 
Ilmenite m+ m+ * m+ * m+ m- * m- m M M M m+ M m 
Kaolinite (#) m+ m- m+ m- m+ m- m m- m- m m+ m- m- m-
Masmemite m m- m+ M m+ m m-
Monazite * 
Pseudo-Rutile 
Ru tile m- m+ m m+ m- m+ m- m+ m+ M M m m+ m m m+ m+ 
Sillimanite * 
Sohene * m * m * 
Staurolite m- m- * * 
Tooaz m- * * m m- m m 
Tourmaline m * m- * m m- M m m+ m m+ m- m- m+ m m+ 
Tremolite m- m- * m+ * 
Zircon m m m+ M m+ M m m+ m+ m m+ * m+ m+ m+ M 
Zoisite * * * m- * 
Table 3.2: Heavy mineral assemblages of sands from the Great Victoria Desert and 
adjacent areas. M = Abundant; m+ = Significant; m = Present; m- = Minor; * =Trace. 
#:Note that although kaolinite is not a heavy mineral (density< 2.96 gm/cm3) it is commonly 
found associated with secondary weathering minerals such as hematite (Mcfarlane, 1983). 
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granite, while an abundance of amphibole with subordinate or no andalusite and 
tourmaline was associated with greenstone series. She concluded from this work that the 
sand-plains were residual deposits, and the lack of mixing between areas pointed to the 
stability of the region. 
In the current study, sands from dunes in the west of the Great Victoria Desert, 
adjacent to, but not overlying the Yilgarn Block show heavy mineral assemblages which 
contain a mixture of mineral species from each of the rock types described by Carroll 
(1939). This mixing of heavy minerals is believed to have taken place during 
GREAT VICTORIA DESERT 37 
transportation of material from the Yilgarn Block into the Officer Basin, and the 
subsequent accumulation of sand into dunes. 
The observed occurrence of kaolinite together with an abundance of iron-oxides 
and hydroxides such as hematite, goethite and maghemite in the heavy mineral 
assemblages in the west of the Great Victoria Desert again suggests that the protosource 
for sand in this area was the Yilgarn Block further to the west. Both kaolinite and iron-
oxides are commonly found in the Cainozoic saprolite/laterite profiles which overlie the 
Yilgarn Block (Glassford, 1987), and are formed as weathering products of the basement 
rocks. McFarlane (1983) has shown that during granite breakdown, a feldspar may 
weather directly to kaolinite, while iron-bearing minerals such as biotite and hornblende 
may weather through mixed layered clays to kaolinite and goethite. Continued alteration 
and dehydration of iron-hydroxides such as goethite under arid conditions leads to the 
formation of hematite and other iron-oxides (Gilkes et al., 1973). 
The decrease in both the amount and variety of iron-oxides and hydroxides found 
in sands further to the east in the central Great Victoria Desert indicates that the 
protosource from which they were derived has not undergone prolonged periods of 
lateritization. The presence of significant amounts of both tourmaline and topaz suggests 
that granite pegmatites may have been present in the protosource terrain. To the north of 
the Great Victoria Desert, samples taken from dunes overlying the Musgrave Block 
display a similar mineralogy with a significant presence of topaz observed in the heavy 
mineral assemblages (Table 3.2). The underlying Musgrave Block is predominantly made 
up of high grade metamorphics with significant quantities of pegmatitic material known 
to outcrop in the central and northeastern areas of the terrain (Camacho pers. com.mun., 
1994). 
The difference between dune sands in the central Great Victoria Desert overlying 
the sedimentary rocks of the Officer Basin and those lying further to the west, is further 
indicated by the relative abundances of heavy minerals in samples from both areas. In 
sands overlying Officer Basin sedimentary rocks (central and eastern Great Victoria 
Desert) the heavy mineral abundances range from 1.0 - 1.5%. This increases to a range 
of 5.4 - 7 .6% in the west of the desert near the margin of the Yilgarn Block. Sands 
(possibly residual deposits) directly overlying basement material show heavy mineral 
abundances of 11 % in the Yilgarn and 13% in the Musgrave Block. The decreased 
abundance of heavy minerals in depositional areas is believed here to be related to the 
breakdown and dilution of material during transport into the basin of deposition, and also 
to the selective loss of the heavy mineral fraction during transit, thus concentrating the 
lighter quartz fraction. 
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3.5.4. Oxygen isotope studies 
Twentynine samples from the Great Victoria Desert and adjacent areas were 
analysed at least in duplicate for the oxygen isotopic signatures of quartz separated from 
bulk sand following the procedures outlined in Chapter 2. The results of individual 
analysis are presented in Appendix III and their mean isotopic values plotted against 
sample location in Figure 3.8. Overlying these values in Figure 3.8 are the outlines of the 
Yilgarn, Musgrave and Gawler Blocks and the Officer, Eucla and Arkaringa Basins. 
In general, it can be seen that the o18Q values are lowest in areas overlying or 
directly adjacent to the basement terrains of the Yilgarn, Musgrave and Gawler Blocks 
and correspondingly higher in areas overlying the sedimentary basins. The exceptions to 
this are samples from the western Officer Basin (CPL54, 62, MD137 and LW18), which 
display values similar to that of the basement terrains (Table 3.3). 
Quartz separates from sand dunes directly overlying the Yilgarn Block in the 
west of the Great Victoria Desert have oxygen-isotope values which range from 8.7 -
9.3%o SMOW with a mean value of 8.9 ± 0.3%o (n = 5), while those from sands 
overlying the Musgrave and Gawler Blocks range between 6.8 - 8.5 and 9.3 - 10.1%0 
respectively, with means of 7.7 ± 0.9 (n = 4) and 9.7 ± 0.4%0 (n = 5). Previous studies of 
the oxygen-isotope values of both whole-rock and vein quartz samples from the Yilgarn 
.Block have been carried out by Wilson (1981) and Golding and Wilson (1987). Wilson 
(1981) examined whole-rock samples from a broad area of the Yilgarn Block and 
reported o18Q values of 7.9 ± 0.8%0 (gneisses) and 7.9 ± 0.5%o (granites). Although 
these analysis were carried out on whole-rock samples and not on quartz, they provide at 
least a minimum estimate of the oxygen-isotope values of the rock-quartz. Taylor and 
Epstein (1962) reported a difference of approximately 1 - 2%o between quartz separated 
from granites and granodiorites and their whole-rock signatures. Allowing for this 
difference, the o18Q values reported by Wilson (1981) have corrected values for quartz 
of - 9.4%o and therefore, are of the same order as those obtained from quartz in this 
study (Table 3.3). Golding and Wilson (1987) obtained oxygen-isotope values from vein 
quartz samples taken from the eastern Yilgarn Block of between 10 and 13%0. The 
limited abundance of these veins is however considered to result in their having only a 
minimal effect on the overall o18Q signature of quartz found in the sand dunes overlying 
the Yilgarn Block. 
The oxygen-isotope values of granulites and related intrusive rocks from the 
Musgrave Block has been previously examined by Wilson et al. (1970). In their study, 
o18Q values of between 7 .6 and 9.3%o were obtained on quartz separates from granulites 
(9.3%o), granites (9.2%o), and granite pegmatites (7.6%o). This range of o18Q values is 
consistent with those obtained in this study. 
The oxygen-isotope values of quartz in samples from the Officer Basin vary 
depending on their location. Those in the west range from 9.3 - 9.7%o with a mean of 9.5 
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± 0.2%o (n = 4 ), while those further to the east in the central Great Victoria Desert range 
from 10.6 - 11.1 %0 and have a mean of 11.0 ± 0.4%0 (n = 7). Three samples (CPL2, 
SP24 and SP32) taken from the Arckaringa Basin to the eastern margin of the Great 
Victoria Desert have a mean of 10.7 ± 0.2%o (n = 3) (Table 3.3). 
Sample Area Mean (518Q Range (518Q 
%o(SMOW) %o(SMOW} 
Yilgarn Block (1) 8.9 ± 0.3 8.7 - 9.3 
Musgrave Block (1) 7.7 ± 0.9 6.8 - 8.5 
Gawler Craton (1) 9.7 ± 0.4 9.3 - 10.1 
western Officer 9.5 ±0.2 9.28 - 9.73 
Basin (1) 
central and eastern 11.0 ± 0.4 10.6 - 11.1 
Officer Basin (1) 
Arckaringa Basin (1) 10.7 ±0.2 10.5 - 10.9 
Yilgarn Block (2) 7.9 ± 0.8 
(Wilson, 1981) 7.9 ±0.5 
Musgrave Block (3) 9.3, 9.2, 7.6 
(Wilson et al., 1970) 
Table 3.3: Oxygen-isotope values from Great Victoria Desert and surrounding areas 
(Cl) quartz separate from dune sample, (2) whole-rock sample, (3) quartz separate from 
parent rock) (errors quoted at 1 standard error level). 
The observed similarity in oxygen-isotope values of sands overlying the Yilgarn 
Block and samples from the western Officer Basin, together with their adjacent 
topographic locations, suggests that sand in both areas has been derived from the same 
protosource region. This protosource is believed to be the granite/greenstones of the 
Yilgarn Block. The slight positive offset in the (518Q values of quartz from dunes in the 
western Officer Basin with respect to those overlying the Yilgarn Block may be related 
to mixing with higher (518Q sands from further to the east. 
The comparatively high oxygen-isotope values obtained from sands in the central 
Great Victoria Desert do not correspond to any of the possible protosource regions 
examined in this or other studies. To explain these values we must therefore infer either a 
derivation of sand from a different protosource from those examined, or the 
incorporation of small amounts of low temperature sedimentary forms of quartz. 
Possible different protosource regions may be found to the east of the Great 
Victoria Desert, in or adjacent to the Arckaringa Basin, or from further to the south in 
Antarctica. The oxygen-isotope values obtained from the Arckaringa Basin are however, 
lower than those in the central Great Victoria Desert and therefore cannot be considered 
as a possible source region (Table 3.3). To my knowledge, no studies of the oxygen-
isotope values of quartz have been carried out from the Antarctic region. 
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In studies of sedimentary chert samples, Knauth and Epstein (1976) found 
oxygen-isotope values of between 15 and 35o/oo, with an mean value of 28o/oo, while Brint 
et al. (1991) obtained values for authigenic quartz overgrowths in the range 17.1 -
20.9o/oo. If it is assumed that the o18Q value of chert = 28o/oo and the o18Q of protosource 
= 9.5%o (taken from Wilson (1981), assumming a difference between whole rock oI8Q 
and quartz o18Q of 1-2o/oo), the presence of less than 10% of this low-temperature (high-
o18Q) sedimentary quartz in the bulk sand sample would have the effect of raising the 
o18Q value to its present level. 
3.6. SUMMARY 
Characterisation of sands from the Great Victoria Desert in terms of their 
Munsell colour indices, grainsize parameters, heavy mineral assemblages and oxygen-
isotope values has shown that there are at least two different bodies of sand present. The 
first, in the west of the desert, extends over the area of the Yilgarn Block and 
approximately 200 km into the western Officer Basin. The second, which encompasses 
the majority of the characteristic longitudinal dunes of the Great Victoria Desert, overlies 
the central and eastern Officer Basin and merges with scattered dunes on the Arckaringa 
Basin to the east. 
Features of sands in the west of the Great Victoria Desert suggest that they have 
been derived from protosources in the Yilgarn Block. The most conclusive evidence for 
this comes from oxygen-isotope values, with quartz from the underlying bedrock of the 
Yilgarn Block (Wilson, 1981), sand dunes overlying the Yilgarn Block and sand dunes in 
the western Officer Basin all recording similar values. The heavy mineral assemblages 
from each of these three areas also have similar primary mineralogy, while sands from 
each area contain abundant secondary weathering minerals. These secondary minerals 
(mainly iron-oxides) are believed to have formed during the development of a 
saprolite/laterite profile overlying the Yilgarn Block. Further breakdown of these iron-
oxides has imparted a dark red (2.5 YR) colouration to the dunes of the western Great 
Victoria Desert, although the development of this colouration is believed to have 
occurred after the transportation of sand into the western Officer Basin. Sand across the 
entire western Great Victoria Desert is in the medium-grained range, which is in 
agreement with previous investigations of the Yilgarn Sandland (Carroll, 1939), and 
contrasts markedly with the fine grained sands further to the east. 
The protosource/s for sands further to the east in the Great Victoria Desert 
(central and eastern Officer Basin) are more difficult to determine. The paler colouration 
(5 YR) of dunes and the relatively minor amounts of secondary weathering minerals (ie 
iron-oxides) suggests that sand has been derived from an area without the development 
of significant laterite profiles. The presence of topaz and the increased abundance of 
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tourmaline in the heavy mineral assemblage suggests that granite pegmatites or high-
grade metamorphics were present in the protosource terrain. 
Both the presence of high-grade metamorphics, granite pegmatites and the minor 
occurrence of laterite profiles are features found in the Musgrave Block to the north of 
the Great Victoria Desert, suggesting that it may represent the protosource for the sands 
in the central and eastern Officer Basin. Sand dunes overlying the Musgrave Block have 
colour indices and heavy mineral assemblages very similar to those found in the central 
and eastern Officer Basin, supporting the hypothesis that the Musgrave Block is the 
protosource region. 
However, significant differences do exist between the oxygen-isotope values of 
quartz from dunes overlying the central and eastern Officer Basin and the Musgrave 
Block. These differences are most easily explained in terms of either an authigenic 
production of low-temperature (high o18Q) quartz in the Officer Basin or a contribution 
of quartz derived from cherts to the dune sands. 
To the east of the Great Victoria Desert, sand dunes overlying the Arckaringa 
Basin show features very similar to those of the eastern Officer Basin. Their dark red 
colouration (2.5 YR), slightly lower mean grainsize parameters and oxygen-isotope 
values suggest however that they may have been derived from slightly different 
protosource regions to that of the eastern Officer Basin, although at this stage these 
source regions are difficult to determine. 
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CHAPTER 4 - SIMPSON, STRZELECKI and TIRARI DESERTS 
4.1. INTRODUCTION 
4.1.1. Location of dunefields 
The northeastern region of the Australian continental dunefield consists of three 
individual but adjoining desert areas, the Simpson, Strzelecki and Tirari Deserts. 
Together these cover an area of approximately 300,000 km2, or 25% of the total 
Australian sand deserts. 
The Simpson is the largest of the deserts, covering an area of approximately 
130,000 km2 (Figure 4.1). It is bounded to the west by the Arunta and Musgrave Blocks 
and to the southwest by the Archaean to Proterozoic Peake and Denison Inliers. The 
dunes grade into sand plain in the north, while to the east, they merge with the stony 
downs of the channel country of southwest Queensland. To the south, the Simpson 
Desert is cut by Warburton Creek, which marks the northern edge of the Tirari Desert. 
The Tirari Desert occupies the same topographic basin as the Simpson Desert, 
and is therefore considered to be its southernmost extension. Stirton et al. (1961) defined 
the Tirari Desert as the sandridge country lying between Warburton and Cooper Creeks. 
It is bounded to the west by Lake Eyre North and South and to the south by the upper 
Proterozoic Willouran and Flinders Ranges. To the northeast of the Tirari Desert lie the 
gibber plains of Sturt's Stony Desert, formed on the north-trending anticlinal axis of the 
Gason Ridge. Southeast of this ridge lie the dunefields of the Strzelecki Desert. 
The Strzelecki Desert is only marginally smaller than the Simpson and covers an 
area of approximately 100,000 km2. Its southwest margin is marked by Lakes Frome, 
Callabonna, Blanche and Gregory (Figure 4.5), while to the south and southeast, it is 
bounded by the Flinders, Olary and Barrier Ranges. The desert extends as far as the Grey 
Ranges in the east and merges to the northeast with the channel country in southwest 
Queensland (Figure 4.1). 
One of the unique features of the Simpson, Strzelecki and Tirari Deserts is the 
association between the individual desert areas and the Lake Eyre depression. The Lake 
Eyre depression, with its lowest point Lake Eyre, forms the focus of a vast inland 
drainage system, covering an area of - 1,300,000 km2. Sediments from large endoreic 
rivers are deposited in the Lake Eyre depression and subsequently contribute to the dune 
system. The Simpson Desert is associated with Lake Eyre and the floodplain of the 
Diamantina River, while the Tirari Desert occurs in the floodplain of Cooper Creek and 
Frome River. The Strzelecki Desert adjoins a chain of terminal lakes between Lakes 
Gregory and Frome, periodically fed by the Strzelecki and Cooper Creeks (Figure 4.1). 
The continuing input of non-aeolian material from these fluvial systems into the Simpson, 
Strzelecki and Tirari Deserts contrasts with other desert areas of Australia which have 
accumulated very little non-aeolian material since the Quaternary. 
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Figure 4.1: Map of Simpson, Strzelecki and Tirari Deserts showing outline of 
dunefield areas and major topographic features (adapted from Wasson, 1983a). 
4.1.2. Climatic conditions and vegetation types 
43 
The climatic conditions present within the Simpson, Strzelecki and Tirari Deserts 
are arid to semi-arid. The majority of the dunefields lie within the 150 mm mean annual 
rainfall isohyet, but many areas receive less than 100 mm (Buckley, 1979). Rainfall in the 
region is sporadic, with a tendency for rain in summer rather than winter months. 
Drought periods are long and common, alternating with short-lived high rainfall events. 
Areas to the southeast and east of the deserts receive greater rainfall than do those 
further to the northwest. Mean monthly temperatures vary between 14 - 19°C in July, 
and 21 - 35°C in February. A temperature range from - 6°C in winter (Purdie, 1984) to 
49°C in summer (Folk, 1971) has been recorded. Potential annual evaporation is 
estimated to be approximately 2500 mm, which far exceeds annual precipitation. 
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Winds in the Simpson, Strzelecki and Tirari Deserts are, in general, bi-directional 
and vary from area to area. The strongest winds are recorded between September and 
February, while from March to August they are relatively light. At Finke, in the 
northwest of the Simpson Desert, the dominant wind direction is from the S-SE, with 
lesser components from the E-NE through to the E-SE. This compares with that from 
Birdsville in the northeast of the Simpson Desert, where the dominant wind is from the 
S-SE with lesser components from the S to the SW. Considerable variation between 
present day mean wind directions and dune trends (- 30° deviation near Finke and + 30° 
deviation near Hay River) indicate that there have been considerable changes in both the 
direction and strength of wind regimes since the time of dune formation (Brookfield, 
1979). Ash and Wasson (1983) have calculated that the present-day windiness in the 
Simpson Desert is approximately 10% lower than when the dunes were forming, and that 
despite the lack of significant binding vegetation, wind strength in the area is not 
sufficient to result in large amounts of sand transport. 
The vegetation characteristics of the Simpson, Strzelecki and Tirari Deserts have 
been investigated in studies by Crocker (1946), Buckley, (1979, 1981), Ash and Wasson 
(1983) and Purdie (1984). Ash and Wasson (1983) have described both the Simpson and 
Strzelecki Deserts as being sparsely vegetated with less than 10% of the total land 
surface covered by tall shrubs, and less than 10% by grasslands (hummock grasses; 
Simpson Desert, and tussock grasses and graminoids; Strzelecki Desert). The dominant 
species present on dune crests and mobile slopes in all three desert areas are Zygochloa 
paradoxa (sandhill canegrass) and Triodia basedowii (spinifex). More stable slopes and 
sandy inter-dune corridors support a wider diversity of vegetation including spinifex 
grasslands and occasional shrubs and trees of the Acacia, Grevillea and Eremophila 
species. Within the Simpson Desert, a gradient in the vegetation pattern is observed from 
northwest to southeast, with the eastern dunefields having a higher proportion of 
eurytopic species than those of the west (Purdie, 1984). 
4.2. AEOLIAN LANDFORMS 
The Simpson, Strzelecki and Tirari Deserts are dominated by a vast system of 
parallel longitudinal dunes. Small areas of transverse and reticulate dunes are observed to 
occur in areas adjacent to major river systems where episodic flooding is common. The 
morphology, orientation and distribution of these dunes is dependent on both location 
and underlying material. 
Aeolian landforms of the Simpson Desert have been described by Madigan (1945, 
1946); Sprigg (1963); Twidale (1972); Wopfner and Twidale (1967, 1988); Mabbutt 
(1968, 1980); Wasson (1983a, b) and Purdie (1984). In her comprehensive study, Purdie 
(1984), using Landsat imagery and data from field studies, divided the Simpson Desert 
into 11 dune systems on the basis of dune type, height, length, spacing, crest type, 
Dune Location Total Dune Characteristics 
System Area 
(km2) Type. Trend Lem!th Hei2ht Crests Spacim! Connections Underlyin2 Material 
Dl north-east 28440 longit. NNW- med. to v. med. single med. to few clayey plain 
SSE long close 
D2 central to 4460 retie. & NNW- med. (longit. low single & v. close numerous old flood-plain of 
north longit. SSE dune) multiple Plenty River 
D3 central-north 46780 longit. NNW- short to long low to high single or - few to clayey alluvial plain 
to south-west SSE multiple numerous 
D3 - - longit. - short med. single or close to few to -
(south) multiple v. close numerous 
D4 central-west 9670 retie. & NNW- short (longit. low mostly v. close few (longit. 
loncit. SSE dune) single dune) -
D5 north-west 7470 longit. NNW- short to med. med. to high mostly med. few clayey plain 
SSE single 
D6 far north- 4300 retie. & NW- v. short ?low ?mostly v. close numerous flood-plain of Todd 
west longit. SE (longit. dune) single River 
D7 central-south 24050 longit. NNW- short to low to high mostly close to few old alluvial clay plain -
SSE rarely med. multiple v. close numerous salinas 
D8 central-east 7710 longit. NNW- long mostly med. mostly mostly few ancient flood-plain of 
SSE to high single med. Eyre Creek 
D9 central-east 4830 longit. NNW- med. med. to high mostly med. few active flood-plain of 
SSE single Eyre Creek 
DlO central-east 1090 longit. NNW- med. high single or med. to few clayey plain & gibbers 
SSE multiple distant 
Dll south-east 800 longit. NNW- short high single or distant few active flood-plain of 
SSE multiple Diamantina River 
Table 4.1: Dune systems of the Simpson Desert (adapted from Purdie, 1984)(see also Figure 4.2). t; 
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convergences, vegetation and type of inter-dune corridor. These 11 systems are 
summarised in Table 4.1 and Figure 4.2. It can be seen from Figure 4.2 that the desert is 
dominated by three major longitudinal dune systems located in the northeast, the central 
north to southwest, and the central south. Smaller areas with a large percentage of 
reticulate or disorganised longitudinal dunes, are found associated with old floodplains of 
the Plenty, Todd and Finke Rivers. These reticulate dune systems have been mapped and 
described by Mabbutt and Wooding (1983). 
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Figure 4.2: Map of Simpson Desert showing approximate boundaries of the 11 major 
dune systems (adapted from Purdie, 1984). 
In general, longitudinal dunes in the Simpson Desert vary between 10 and 40m in 
height and may extend for several hundred kilometres. Inter-dune spacing ranges from 
100 m to 1.5 km and varies with dune height. In the west of the desert, dunes average 15 
m in height and are spaced 150 - 200 m apart, while in the east, near Eyre Creek, 
spacings are commonly 250 - 350 m and dune height ranges up to 38 m. This 
characteristic increase in dune height with increased inter-dune spacing is believed to be 
related to the mechanism of formation of longitudinal dunes, where the total sand volume 
per unit area is seen to remain approximately constant (Wopfner and Twidale, 1967). 
The orientation of the dunes in the Simpson Desert is generally north-northwest to 
south-southeast, with trends ranging from approximately 340° near Birdsville, to 334° in 
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the centre of the desert. Longitudinal dunes are generally asymmetrical in cross section 
with steeper eastern slopes (Madigan, 1946), and are characterised by numerous Y 
junctions or tuning-fork connections (Folk, 1971), with convergence mainly towards the 
north (Wopfner and Twidale, 1967). 
Dunes of the Tirari Desert to the east of Lake Eyre show many of the features 
characteristic of dunes further to the north. They are of similar longitudinal form, with 
abundant Y junctions and are separated by numerous small clay pans and salt lakes. In 
general, dune height ranges from 5 to 20 m, with a tendency for increasing height with 
increased distance from Lake Eyre. Individual dunes can be up to 100 km in length, 
although the majority are considerably shorter than this. The orientation of the dunes is 
to the north, and they are asymmetrical in cross section with steeper eastern slopes 
(King, 1956). 
The morphology of dunes in the Strzelecki Desert has been described by King 
(1956, 1960), Breed and Breed (1979), Wasson (1983a, b), Rubin (1990) and Stevens 
(1991). The desert is characterised by vast areas of longitudinal dunes which appear to 
radiate out from an arcuate belt of large salt lakes (Figure 4.1). Associated with these 
longitudinal dunes are numerous clay pans, which range in size from small depressions up 
to lOOm in width, to large flood.flats several kilometres across. The possibility that such 
features originated from strandline remnants formed during the gradual diminution of a 
mega-lake, Lake Dieri, has been discussed in papers by LOffler and Sullivan (1979), 
Wasson (1983a) and Stevens (1991). 
Longitudinal dunes of the Strzelecki Desert are typically 10 - 20 m in height and 
15 - 35 km in length. Inter-dune spacing is greater than that of the Simpson Desert, 
ranging between 0.3 and 1 km (Breed and Breed, 1979). Dune orientation varies 
considerably across the desert. Those in the far north, west of Innamincka, trend slightly 
west of north, while to the east of Innamincka, they trend east of north. At the Moomba 
base camp, dunes are orientated in a northerly direction. Further to the south of the 
desert, near Lake Frome, dunes tend towards an easterly orientation. Within the 
Strzelecki Desert, dunes are asymmetrical with steeper northern slopes in the south of 
the desert, and steeper east facing slopes further to the north (W opfner and Comish, 
1967). 
4.3. STRATIGRAPHY 
The underlying stratigraphy of the Simpson, Strzelecki and Tirari Deserts is made 
up of a complex sequence of sediments deposited over a period of approximately 500 
Ma. This sequence can be divided into five individual sedimentary units, each recording a 
particular set of geologic events related to uplift and climate change and each occupying 
a different sedimentary basin. These are, in order of decreasing age, the Warburton, 
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Cooper and Pedirka, Simpson Desert, Eromanga (Great Artesian) and Cainozoic Basins 
(Figure 4.3). 
The oldest of the basins in the desert region, the Warburton Basin (Wopfner, 
1972) is early Palaeozoic in age and is underlain by Proterozoic crystalline basement 
material similar to that of the Willyama and Mount Painter Inliers, and the Musgrave 
Block (Kreig et al., 1990). Yeates (1971) intersected what he believed to be basement 
rocks of the Arunta complex in drill cores from the north Simpson Desert adjacent to the 
Plenty River. Sediments from the Warburton Basin include the Early Cambrian 
Mooracoochie Volcanics, Ordovician marine deposits of the Dullingari Group, the 
Silurian Innamincka Red-beds and localised granite intrusions. 
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Figure 4.3: Sedimentary basins of the 
Simpson, Strzelecki and Tirari Desert 
region (from Kreig et al., 1990). 
Following the Alice Springs Orogeny in central Australia during the Devonian 
(360 Ma), the subsidence of parts of the Warburton Basin, possibly related to the onset 
of glaciation, gave rise to the intracratonic depressions of the Cooper and Pedirka Basins 
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(Veevers, 1984)(Figure 4.3). Deposition in these basins did not begin until the late 
Carboniferous, when warmer climate conditions freed large amounts of glacial debris, 
known as the Merrimelia Formation and Tirrawarra Sandstone in the Cooper Basin, and 
the Crown Point Formation in the Pedirka Basin. Thick sequences of fluvial sandstones 
and mudstones interbedded with thick locally extensive coal seams overlie these glacial 
deposits. The overlying sediments, termed the Patchawarra Formation in the Cooper 
Basin and the Purni Formation in the Pedirka Basin (Gatehouse, 1972) indicate that cool 
to cold temperate forests dominated in the region during the Early Permian. The Pedirka 
Basin is in part disconformably overlain by the Triassic Walkandi and Peera Peera 
Formations of the Simpson Desert Basin (Moore, 1986). The Walkandi Formation is 
lithologically similar to the Nappamerri Formation in the Cooper Basin. 
During the late Tertiary to early Jurassic, tectonic conditions in the region 
changed from a period of relative stability to one of renewed crustal downwarping. This 
downwarping resulted in the development of the Eromanga Basin and the subsequent 
deposition of its sediments. Initially, rivers deposited material eroded from the 
surrounding uplands into the Eromanga Basin, but with increasing subsidence, the sea 
invaded from the north, bringing with it a marine environment of deposition. As the basin 
filled it was uplifted resulting in a return to terrestrial conditions and fluvial deposition. 
The Algebuckina Sandstone (Sprigg, 1958) which records the initial fluvial phase, is 
commonly exposed, and can be seen at the type section (Wopfner et al., 1970) near the 
former Algebuckina Railway Station in the western Eromanga Basin. The Cadna-owie 
Formation represents the transition from the fluvial Algebuckina Sandstone to the marine 
deposits of the Marree Subgroup (Bulldog Shale, Coorikiana Sandstone, Oodnadatta 
Formation) and the overlying Mackunda Formation (Wopfner et al., 1970). With the 
retreat of the sea in the mid to late Cretaceous, deposition of the terrestrial Winton 
Formation and Mt. Howie Sandstone occurred as the environment returned to fresh 
water conditions (Wopfner, 1963). The late Cretaceous in the Eromanga Basin is marked 
by a long period (35 Ma; Kreig et al., 1990) for which there is no sedimentary record. 
During this time, considerable erosion is thought to have taken place as well as some 
chemical alteration of near-surface strata. 
The sediments of the Eromanga Basin are overlain by those of the Cainozoic 
Basins which include the dunefields, gibber plains and silcrete surfaces presently exposed 
in the Simpson, Strzelecki and Tirari Deserts (Figure 4.3). The generalised stratigraphy 
of these Cainozoic Basins is presented in Table 4.2. Epeirogenic movements in the early 
Cainozoic or Palaeocene, are suggested to have initiated deposition of the fluvial Eyre 
Formation (Wopfner et al., 1974). Outcrops of the Eyre Formation are commonly seen 
in inter-dune swales to the east of Lake Frome and east of Strzelecki Creek in the 
Strzelecki Desert (Wasson, 1983b). Further epeirogenic movements in the early 
Oligocene to early Miocene deformed the Eyre Formation, with resultant downwarping 
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producing two centres of deposition, one in the Lake Eyre region of the southern 
Simpson Desert and the other near Lake Frome in the northern Strzelecki Desert. These 
two centres, respectively identified as the Lake Eyre and Callabonna Basins (Wells and 
Callen, 1986; Callen, 1988), are separated by large anticlinal upwarps of the Gason 
Ridge (Figure 4.1). This upwarped area has remained free from the deposition of further 
sediments and is characterised by stony deserts or gibber plains derived from breakdown 
of silcrete from the underlying Eyre Formation. 
Age 
Quaternary 
Simpson 
Desert 
Aeolian sands 
L. Eyre sediments 
Limited fluvial 
deposition 
TirariFm. 
(fluvial) 
Strzelecki Desert Tirari 
~~~~~~~~~~~~~-
North South Desert 
Aeolian 
sands 
WhitulaFm. 
(fluvial) 
Coonarbine Fm. 
(aeolian) 
L. Frome sediments 
Limited fluvial 
deposition 
Eurinilla Fm. (fluvial) 
Millyera Fm. = Late 
Eurinilla Fm. (fluvial 
+ lacustrine) 
Aeolian 
sands 
Katipiri Fm. 
(fluvial) 
Tirari Fm. 
? Alberga and Mampuwordu 
Cadelga Lmst. Sands 
(lacustrine) (fluvial) 
Epeirogeny - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Etadunna Fm. Etadunna Namba Fm. = part of Etadunna 
(lacustrine + Fm. the Willawortina Fm. Fm. 
fluvial) (lacustrine + fluvial) 
Early Miocene Epeirogeny produces two basins 
Oligecene 
Eocene Eyre Fm. (fluvial) . 
Palaeocene 
Cretaceous 
Epeirogeny - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Winton Fm. (marine) 
Table 4.2: Cainozoic straigraphy of the Simpson, Strzelecki and Tirari Deserts 
(adapted from Wasson, 1983b; and Stirton et al., 1961). 
Although now existing as two separate basins, the Lake Eyre and Callabonna 
Basins display similar depositional features indicating concurrent sedimentary histories. 
In both basins, the Eyre Formation is overlain by a Miocene sequence of lacustrine clays 
and sandstones deposited in an environment dominated by mega-lakes (Kreig et al., 
1990). These sediments are termed the Etadunna Formation in the Simpson and northern 
Strzelecki Dunefields (Stirton et al., 1961), and the Namba Formation in the southern 
Strzelecki Dunefield (Callen, 1977). Associated with the Etadunna Formation are the 
carbonates of the Cadelga and Alberga Limestones, although their exact stratigraphic 
relationship is uncertain (Callen, 1977). During the mid Miocene to Pliocene, an increase 
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in aridity resulted in the partial drying of these mega-lakes and the spread of fluviatile 
deposition. This change is recorded in the southern Strzelecki where the 
lacustrine/fluviatile Willawortina Formation inter-tongues with the lacustrine Namba 
Formation. However, some lacustrine sedimentation continued in the area of ancestral 
Lake Frome as is evidenced by the clays of the Millyera Formation. The fluviatile phase 
of deposition within the basins is represented by the Mampuwordu Sands and Tirari 
Formation in the Tirari Desert, the Tirari and Katipiri Formations in the southern 
Simpson, the Whitula and Doonbarra Formation in the northern Strzelecki, and the 
Eurinilla Formation in the southern Strzelecki Desert. To the north of the Simpson 
Desert, the Etadunna Formation is overlain by fluviatile deposits of the Hale and Plenty 
Rivers, derived from low ranges to the north and northwest (Yeates, 1971). 
Environmental conditions in the Simpson, Strzelecki and Tirari Deserts became 
much drier through the late Pliocene to Quaternary, giving rise to the present-day 
assemblage of plains, playas, fans and water courses. Further contraction of ancestral 
Lake Frome under these conditions left a series of transverse shoreline ridges to the east 
of the lake. These ridges extend downwind into the aeolian longitudinal dunes of the 
Coonarbine Formation in the southern Strzelecki Desert (Callen and Tedford, 1976). 
Other un-named aeolian sequences of Pleistocene to Recent age are seen in the Simpson, 
northern Strzelecki and Tirari Deserts, where they form the surface expression for the 
majority of the dunefields. 
4.4. CHRONOLOGY 
The chronology of aeolian activity in the Simpson, Strzelecki and Tirari Deserts 
is complex due to the large area involved and the numerous sediment sources to the 
region. It is generally thought that there have been three major episodes of dunefield 
construction occurring during the mid Cretaceous, Pleistocene and Early Holocene. The 
exact timing and regional extent of these episodes varies between the individual deserts 
and has been the subject of numerous studies (eg. Wasson, 1983a, b; Nanson et al., 
1988; Wopfner and Twidale, 1988 and Callen and Nanson, 1992). The chronology of the 
individual deserts will now be discussed in terms of five major areas. 
4.4.1. Southern Strzelecki Desert 
Studies of the chronology of dune building in the southern Strzelecki have 
concentrated on the region around Lake Frome. In this area, pale coloured, source-
bordering dunes are intermingled with, and in some cases, overlie red-brown longitudinal 
dunes. 
Wasson, Hughes and Lampert, in Wasson (1984b), showed that there have been 
at least two episodes of aeolian accumulation in the pale source-bordering dunes to the 
southeast of Lake Frome. Radiocarbon dating of pedogenic carbonate taken from the 
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surface of the older of these episodes in dunes near Balcoracana Creek indicates that 
aeolian accumulation had ended by approximately 13.6 ka (Wasson, 1984b). Bowler 
(1976) showed that the aeolian derived, gypsum-rich deposits of Lake Frome were 
formed between 20 and 16 ka, suggesting that this older episode of dune formation may 
also have occurred at this time. Thermoluminescence (TL) dating of the younger episode 
of dune formation at Balcoracana Creek gives ages of 9.9 ka and 5.5 ka (Gardner et al., 
1987). Underlying both of these periods of dune formation, a quartzose aeolian unit has 
been dated using TL at 48.1 ka (Gardner et al., 1987). 
Red-brown longitudinal dunes of the aeolian Coonarbine Formation have been 
examined in detail by Callen et al. (1983) at Lake Moko to the east of Lake Frome. 
These dunes display up to four sand layers separated by calcareous paleosols, the base of 
which is dated at 26.1 ka (Callen et al., 1983). Other palaeosols separating sand layers 
range from 25.7 to 7.2 ka, although these ages are considered to be minima due to 
contamination by young carbon (Callen et al., 1983). 
4.4.2. Northern Strzelecki Desert 
In the north of the Strzelecki Desert, dunes to the east and west of Strzelecki 
Creek display considerable differences in their appearance. Those to the west are pale in 
colour while those to the east are more red-brown. 
Radiocarbon dating of charcoal samples from the paler dunes indicates that there 
have been two phases of dune construction within the range of carbon dating. Wasson 
(1983b), using charcoal buried within a dune to the southwest of Moomba Camp, has 
dated the upper part of the older of these at around 13.9 ka. To the east of Moomba 
Camp, low rounded longitudinal dunes contain charcoal which records an age of 2.3 ka, 
and points to a late Holocene extension of these dunes (Wasson, 1984b ). This is 
supported by both radiocarbon dates of between 1. 7 and 1.0 ka from a site south of 
Moomba (Wasson, 1984a) and also by TL dating from areas near the Moomba Camp 
which give ages of 0.8 and 3.7 ka (Gardner et al., 1987). TL dating at Lark Pit, Dog Bite 
Lake and other sites near Moomba Camp indicates that aeolian activity within the pale 
dunes had commenced by approximately 243 ka (Gardner et al., 1987). This phase of 
dune building may however, have commenced before this time (Wasson, writ. commun., 
1994). 
Red-brown dunes to the east of Strzelecki Creek lack material suitable for 
radiocarbon dating and therefore their chronology is poorly understood. On the basis of 
archaeological evidence, these dunes are thought to have undergone at least some late 
Holocene extension (Wasson, 1984b). Beneath this Holocene cap, 2 - 3 m of slightly 
lithified sand is believed to correlate with the 13 - 20 ka episode of dune building to the 
west of Strzelecki Creek (Wasson, 1984b). Radiocarbon dating on palaeosols from 
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beneath this solidified layer constrains the minimum age of this phase of dune 
construction to approximately 20 ka (y./asson, 1984b). 
4.4.3. Southern Simpson and Tirari Deserts 
The chronology of dune building in the southern Simpson and Tirari Deserts has 
been the subject of considerable attention. Callen and Nansen (1992) proposed that there 
have been at least three periods of significant dune building in the Tirari Desert since the 
beginning of the Pleistocene. The oldest of these occurred in the mid to late Pleistocene, 
with numerous aeolian episodes between 90 and 30 ka. Callen and Nanson (1992) report 
a TL date of 32.5 ka from the base of a dune near Cooper Creek in the southern Tirari 
Desert, while emu, Genyornis and Dromaius egg shells from east of Lake Eyre have 
been radiocarbon dated at between 32 and 45 ka (y./asson, 1984b; Wells and Callen, 
1986; Callen and Nanson, 1992). 
Evidence for Holocene-aged aeolian activity in the southern Simpson and Tirari 
Deserts is more scarce. Wopfner and Twidale (1967, 1988, 1992), and Twidale (1972), 
on the basis of field relationships and radiocarbon dating of Diprotodon bone, argue 
strongly for there being a major period of Holocene dune formation and not just 
rejuvenation of an earlier Pleistocene system. This age for the Diprotodon bone obtained 
.by Wopfner and Twidale has however, been questioned by Wasson (1984b) and Callen 
and Nanson (1992) and is considered to be a minimum age only. Radiocarbon dates on 
charcoal from dunes near Cooper Creek in the Tirari Desert, give ages of around 11.8 ka 
(Veth et al., 1990), while radiocarbon dating of pedogenic carbonate from Allapalilla 
waterhole gives a minimum age of 9.6 ka (y./asson, 1983b). To the southwest of the 
Simpson Desert, charcoal from dunes near Oolgawa waterhole and the Lake Medusa 
area has been dated between modem and 2.9 ka (y./asson, 1983b; Krieg, 1985; Callen 
and Nanson, 1992). These dates point to there being at least two episodes of Holocene 
aeolian activity, the most recent of which is still active. 
4.4.4. Northeastern Simpson Desert 
In their study of the stratigraphy, sedimentology and chronology of the 
northeastern Simpson Desert Channel Country, Nanson et al. (1988) carried out a 
number of TL determinations on aeolian dunes flanking the Diamantina River and 
Cooper Creek. In a dune at Diamantina Lakes, they recorded three sand units separated 
by clayey sands. The lowermost of these clayey sands was dated, using TL, at 274 ka, 
while the second gave an age of 32.5 ka. Further to the northeast, at Old Cork Station, a 
similar dune consisted of two sand layers, the lower unit giving a TL date of 55.5 ka. 
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4.4.5. Western Simpson Desert 
The chronology of aeolian and alluvial activity in the Finke River area of the 
western Simpson Desert has been recently examined using TL techniques (Nanson et al., 
in press). The oldest dated dune from this area has an age of 100 ka and underlies at least 
two episodes of subsequent aeolian activity. In contrast to the red colouration of this 
basal dune, both of the overlying aeolian units are pale in colour and record significantly 
younger ages. TL dating from the lower of these units indicates dune building was taking 
place in this area between 17 and 9 ka, while the uppermost unit has been accumulating 
from 5 ka to the present (Nanson et al., in press). 
4.5. SAND PROVENANCE REGIONS· PREVIOUS INVESTIGATIONS 
The question of sediment provenance for the Simpson, Strzelecki and Tirari 
Deserts was first addressed by Carroll (1944), who suggested, on the basis of the heavy 
mineral population, that sand was derived from both the Arunta block (Macdonnell 
Ranges) and the Mount Painter area. This was supported in later work by Yeates (1971). 
Carroll also believed that the roundness and sortine of the heavy mineral assemblage 
indicated a long history for the sand, involving considerable attrition and pointed to its 
most recent source material being a sediment. 
In recent studies, much discussion has centred around this sedimentary source 
material and the mechanisms of dune formation. Two main mechanisms have been 
suggested to explain the processes of dunefield formation. The first of these, is the long-
distance downwind aeolian transport of sand from a small number of point sources. This 
was initially proposed by Wopfner and Twidale ( 1967), and later supported by Folk 
(1976) and Breed and Breed (1979). The second, suggested several mechanisms of 
dunefield formation occurring from many different sources (Wasson 1983a, b, Twidale 
1972; Mabbutt, 1967, 1968, 1977). 
The hypothesis of long-distance transport of sand was first questioned by 
Twidale (1972), who showed that even if the dunes are taken as late Pleistocene in age, 
and present-day extension rates are in the order of 75 - 90 m per decade (estimated 
during drought periods of the 1920s and 30s, (Radcliffe, 1936, 1937), the maximum 
northward extension of dune ridges would be 180 km, which is shorter than the longest 
ridges observed in the Simpson Desert. From this he concluded that downwind transport 
was not the dominant mechanism of dune formation. Wasson (1983b), in his study of the 
Simpson and Strzelecki Deserts, proposed three alternative mechanisms of dune 
formation: 
1) Deflation of material from lakes and floodplains connected to and receiving 
alluvial sediments from active streams. This type of dunefield formation is believed to be 
prevalent in the southern Simpson and Tirari Deserts as well as the area to the west of 
Strzelecki Creek in the Strzelecki Desert. By this mechanism, dunes were formed in a 
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three-stage process. Firstly, alluvial sediments were deposited in the Lake Eyre 
depression by the Diamantina River and Eyre and Cooper Creeks. These sediments were 
subsequently concentrated into transverse dunes formed downwind of lakes by wave 
action and later by deflation of lake beds and beaches. The final stage involved the 
formation of longitudinal dunes downwind of these transverse features in a process 
described by Twidale (1972). 
2) Deflation of sediments from salt lakes and claypans which are not presently 
connected to active streams. This type of dune formation is thought to have occurred 
mainly in the southern Simpson Desert in the Kallakoopah Lakes region. Wasson 
(1983b) suggested that these salt lakes and claypans are related to an ancient and much 
larger precursor of Lake Eyre and that the initial dune formation from these pans was 
similar to that described in mechanism 1. As a result of initial dune formation, pans were 
cut off from active streams, thereby only receiving sediment from localised catchments. 
Deflation of sediments from these areas was related to the groundwater behaviour in the 
region and to the chemistry of the pans. The wetting and drying of salts in the pans 
resulted in the formation of clay pellets which make up a significant proportion (up to 
20%) of the dune system in this area (Wasson, 1983a). The breakup of the surface of 
pans during the formation of clay pellets also released large amounts of sand material 
which was subsequently concentrated into dunes. This mechanism of formation is no 
longer occurring in the deserts, as the present groundwater table is too low to allow 
deflation. 
3) Local aeolian redistribution of underlying alluvial sediments. This type of dune 
formation is believed to have occurred both in the northern Simpson Desert and in the 
area east of Strzelecki Creek. Dunes are thought to have been derived directly from 
underlying alluvium deposited by ancestors of the Hale, Hay and Plenty Rivers in the 
northern Simpson (Madigan, 1946; Mabbutt, 1967, 1968; Mabbutt and Wooding, 1983) 
and from prior streams draining the Cretaceous rocks of the Grey Range in the eastern 
Strzelecki, and the Barrier Range and Olary Arch in the southern Strzelecki (Wasson, 
1983b). Red-brown dunes with a low percentage of clay pellets are characteristic of this 
mechanism and contrast markedly with the pale clay-rich sediments of types 1) and 2). 
The red-brown colouration of these dunes suggest that they have been derived from the 
erosion of previously weathered and oxidised sediment. 
4.6. STUDIES OF SAND PROVENANCE 
4.6.1. Munsell colour indices 
A total of 252 samples were collected from the Simpson, Strzelecki and Tirari 
Deserts and assessed in terms of their Munsell colour indices (Appendix I). This 
incorporates samples from further to the northeast and northwest of the desert than the 
previous work of Wopfner and Twidale (1967), Folk (1976), Wasson (1983a) and Callen 
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and Farrand (1987). The results of colour analyses carried out in this project are plotted 
against sample location in Figures 4.4 and 4.5. The highly variable pattern in these colour 
indices is believed to result from both the interplay between aeolian and fluvial activity in 
the desert area and from variations in the sedimentary material underlying the present 
dunefields. 
In general terms, dune hue is seen to be most reddened (2.5 YR) in northwestern 
areas of the desert region and to become increasingly pale (7.5 - 10 YR) towards the 
southeast near Lake Eyre and the Kallakoopah Pans (Figure 4.4). Value also differs 
across the dunefield, with a tendency towards 6 - 7 in the pale (7 .5 - 10 YR) sands and 5 
in the red (2.5 YR) sands. Chroma varies between 4 and 8 and shows no evidence of 
distinct regional change. On a more local scale, significant colour variations are observed 
to occur in areas adjacent to fluvial activity. Examples of this can be seen in the 
northwest and northeast of the Simpson Desert where sand hue changes from 2.5 YR in 
the dunefield proper to 5 YR near to the Hale and Finke Rivers, and to 7 .5 YR near Eyre 
Creek and the Diamantina River (Figure 4.4). 
Sand hue in the Tirari Desert is characteristically 7.5 - 10 YR, becoming paler 
with increasing proximity to Lake Eyre. In the northern Strzelecki Desert, significant 
variations in hue are observed, depending on sample location. Samples takes from the 
east of Strzelecki Creek show hues of 2.5 - 5 YR, while those to the west of the creek 
are in general 7 .5 YR. This change, which occurs over a very short distance ( < 1 km), 
has been previously observed in studies by Wasson (1983a) and Wopfner, in Norris 
(1969). To the southeast of the Strzelecki Desert, dune hue is seen to be 2.5 YR (Figure 
4.5). 
The majority of the pale coloured (7 .5 - 10 YR) dunes in the southeast Simpson, 
Tirari and northwest Strzelecki Deserts, lie in topographic lows near Lake Eyre, the 
Kallakoopah Lakes region and adjacent to the modern streams (Diamantina River, 
Warburton, Eyre and Cooper Creeks). This topographic location suggests that the pale 
coloured sands may have been derived from sedimentary material deposited in the area 
by fluvial activity. Wasson (1983a, b) pointed to the high quantities of clay pellets in 
these regions and suggested that both sand and clay were deflated from 
contemporaneously deposited sediments on the floodflats of rivers and saline lakes. This 
deflation is thought to have been aided by the lack of stabilising vegetation in the area of 
the salinised floodflats, and also by the breakdown of the clay-rich sediments by salt 
efflorescence during periods of low lake-levels. The pale coloured dunes are thus 
believed to have been derived from fluvial sediments deposited in the region by the 
Diamantina River, Warburton, Eyre and Cooper Creeks. These rivers drain from the 
Jurassic and Cretaceous sandstones and mudstones of southwest Queensland, which 
therefore represent a recent source region of sediment to the desert, but not the 
protosource. 
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The pale hue of dunes from these areas is related to the removal during fluvial 
transportation of any iron-rich clay coatings previously developed on the surfaces of 
grains. The absence of any significant colouration developed after sand deposition in this 
portion of the Simpson, Strzelecki and Tirari Deserts, suggests that this sediment has 
been deposited relatively recently when compared with that from further to the 
northwest. This however, does not imply any age constraints to the timing of dune 
formation in either area, but gives instead, information on the relative ages of deposition 
of the sediment from which the dunes were most recently derived. 
The source rocks for the red coloured (2.5 - 5 YR) dunes in the north of the 
Simpson Desert and in the southeast of the Strzelecki Desert are more dificult to 
determine. Callen and Farrand ( 1987) considered that sands in the northern Simpson 
Desert may have been derived from either the reddened gravels of the Pedirka 
Formation, the fluvially deposited Pleistocene Tirari Formation or ferruginised Tertiary 
sands. Wasson (1983a) suggested that stable Cretaceous sandstones, Early Tertiary 
sands and Mid-Tertiary dolomitic clays underlying the reddened dunes of the Strzelecki 
Desert may be the source for these sands. 
Within the region of reddened dunes (2.5 YR), changes to paler hues (5 - 7 .5 
YR) in areas adjacent to modem river systems are believed to represent recent deposition 
of fluvially derived sediment. This hypothesis is supported by the work of Nanson et al. 
. . 
(in press), who observed pale sands in dunes adjacent to the Finke River directly 
overlying reddened dunes characteristic of the northwest Simpson Desert. 
The observed gradational change in hue between the pale coloured sands in the 
southeast of the Simpson Desert and the reddened dunes further to the northwest may 
represent a zone of mixing between the two end members, and may not necessarily imply 
any significant dune reddening during downwind transport. 
During the complex sedimentary history of the Simpson, Strzelecki and Tirari 
Deserts, the sands currently exposed in dunes have undergone numerous cycles of burial, 
erosion and deposition. However, the colour indices of sands are indicative of only the 
most recent of these cycles and therefore provide little information as to the sand 
protosource regions. 
4.6.2. Grainsize parameters 
Fifty six samples from dune crests across the Simpson, Strzelecki and Tirari 
Deserts were examined and characterised in terms of their grainsize parameters, using the 
methods outlined in Chapter 2. These samples include 35 from the Simpson Desert, 18 
from the Strzelecki and three from the Tirari Desert. The results of these studies are 
presented numerically in Appendix II and the sample locations are shown in Figures 4.5 
and4.6. 
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From this data, it can be seen that considerable variations in the mean and sorting 
grainsize parameters exist both between the different desert areas and also within these 
areas. In general, sands from the Simpson Desert are finer-grained (182 ± 76 µm) and 
better sorted (0.57 ± 0.12 <I>) than those from the Strzelecki Desert (mean 221 ± 61 µm; 
sorting 0.68 ± 0.11 <j>). However, the grainsize parameters observed in this study from 
the Strzelecki Desert may be slightly biased due to the limited sampling area 
(concentrated mainly in areas near Strzelecki Creek) and not therefore be representative 
of the area as a whole. Samples from the Tirari Desert show mean and sorting values 
(215 ± 57 µm; 0.68 ± 0.03 <!>) intermediate to those of the Simpson and Strzelecki 
Deserts (Table 4.3). 
Mean (Mz) Range (Mz) Sorting (cr1) Range (cr1) 
Simpson Desert 2.46 ± 0.30 <I> 1.89 - 2.90 <I> 0.57 ± 0.12 <I> 0.41 - 0.91 <I> 
( total)(n=35) 182 ± 76 µm 134- 270 µm 
southeastern 2.59 ± 0.22 <I> 1.98 - 2.90 <I> 0.54 ± 0.08 <I> 0.41 - 0.71 <I> 
Simpson Desert 166 ± 51 µm 134- 253 µm 
(n=19) 
northwestern 2.34 ± 0.31 <I> 1.89 - 2.80 <I> 0.59 ± 0.14 <I> 0.46 - 0.91 <I> 
Simpson Desert 198 ± 86 µm 144- 270 µm 
(n=ll) 
Strzelecki Desert 2.18 ± 0.20 <I> 1.92 - 2.69 <I> 0.68 ± 0.11 <I> 0.50 - 0.89 <I> 
(total) (n=19) 221±61 µm 155 -264 µm 
east of Strzelecki 2.11 ±0.16<1> 2.02 - 2.39 <I> 0.65 ± 0.09 <I> 0.53 - 0. 73 <I> 
Creek (n=5) 232±51 µm 191 - 247 µm 
west of Strzelecki 2.20 ± 0.10 <I> 2.05 - 2.27 <I> 0.58 ± 0.09 <I> 0.50 - 0. 70 <I> 
Creek (n=4) 218 ± 30 µm 207 - 241 µm 
Tirari Desert (n=3) 2.22 ± 0.19 <I> 2.10 - 2.44 <I> 0.68 ± 0.03 <I> 0.66 - 0.72 <I> 
215 ± 57 µm 184 - 233 µm 
Table 4.3: Grainsize parameters (in <I> and µm) for sands from the Simpson, 
Strzelecki and Tirari Deserts (errors quoted at 1 standard error level). 
Within the Simpson Desert, distinct differences are seen in the grainsize 
parameters of samples taken from the northwest and southeast of the region. Those to 
the northwest, in the area characterised by dunes of red hue (see Chapter 4.6.1), have in 
general, a coarser mean grainsize (198 ± 86 µm) than do the pale dunes further to the 
southeast (166 ± 51 µm). Exceptions to this general trend occur in sands taken from 
dunes adjacent to areas of fluvial activity where mean grainsize is seen to be highly 
variable, and sorting is poorer than that observed in the surrounding areas. 
Samples examined from the Strzelecki Desert indicate that no observable 
differences in mean grainsize exist between areas east and west of Strzelecki Creek, 
where significant colour variations were noted in Chapter 4.6.1. 
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Variations in the grainsize parameters observed in the Simpson, Strzelecki and 
Tirari Deserts and in particular, the Simpson Desert, can be explained in two ways. 
Firstly, they may be related to the derivation of sand from several different local sediment 
sources. Sands from different areas would have grainsize parameters characteristic of 
each distinct source and thus would show significant regional variations. As discussed in 
Chapter 4.6.1, sand in the southeast of the Simpson Desert is thought to have been 
deflated from sediments deposited on the floodflats of rivers and saline lakes associated 
with Lake Eyre and the Kallakoopah Lakes. Such deflation would also have carried large 
quantities of clay pellets and clay-sized material into the dunes. The presence of 
significant clay pellets in these dunes has been noted by Wasson (1983a), who also 
pointed to their almost complete absence from dunes in the northwest of the desert. The 
effect of large quantities of clay in the dunes would be to lower the mean grainsize of the 
sample (increased <I> values). In the northwest of the Simpson Desert, the lack of clay 
material and the associated increase in mean grainsize (decreased <I> values) indicates that 
these samples may have been derived from a different sediment source. 
The second possible explanation for grainsize variations within the Simpson 
Desert is that of selective downwind sorting of sand. Numerous studies including 
Ahlbrandt (1975) (Killpecker Dunefield, Wyoming), Lancaster (1982) (Namibian 
Desert), Lancaster (1986) (Kalahari Desert) and Khalaf (1989) (Kuwaiti Desert), have 
shown that sands become finer and better sorted in the direction of aeolian transport. 
From the data in Appendix II it can be seen that in the northwest of the Simpson Desert, 
outside the region of the Kallakoopah Lakes, the grainsize parameters of sands lend at 
least partial support to this theory. 
As was the case with the Munsell colour indices, variations in grainsize 
parameters reveal little about the protosource regions for sand in the Simpson, Strzelecki 
and Tirari Deserts, but instead are dominated by features characteristic of secondary 
source regions and environments of deposition. 
4.6.3. Heavy mineral assemblages 
The heavy mineral species in 38 samples taken from the Simpson, Strzelecki and 
Tirari Deserts were separated and analysed following the procedures outlined in Chapter 
2. The mineralogy and relative abundance of these assemblages are presented in Table 
4.4. 
The results of these heavy mineral assemblage studies from the Simpson Desert 
(26 samples) suggest that there may be at least three distinct sand populations within the 
desert area. The first, which extends from the southwest corner of the desert to the upper 
north (Figure 4.7), is characterised by abundant hematite, goethite and rutile, significant 
amounts of tourmaline and zircon and minor ilmenite, epidote, hornblende and garnet. 
The second, extending northwards from Lake Eyre in the lower southeast of the desert, 
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contains abundant zircon, ilmenite and garnet, significant amounts of sillimanite and 
epidote and minor amounts of rutile, hornblende and tourmaline. In this population, only 
minor amounts of hematite and goethite are observed. In the central northern area of the 
desert, the third population is characterised by abundant hematite, epidote and 
muscovite, significant quantities of garnet, tourmaline, monazite and zircon and minor 
amounts of ilmenite and hornblende (Figure 4.7). 
The heavy mineral assemblages present in these three populations provide 
evidence for both the proto and secondary sources of sand to the Simpson Desert. 
Within Population 1 sands, the presence of hematite and goethite, along with the high 
concentrations of the ultrastable heavy minerals such as zircon, tourmaline and rutile, 
suggests that these sands have undergone a complex sedimentary history. In general, 
hematite, goethite and other iron oxide species represent secondary weathering products 
of older terrains. Their presence in this area suggests that sands may have undergone 
significant amounts of exposure and weathering, perhaps including some periods of 
laterite development. The high concentrations of zircon, tourmaline and rutile observed 
in Population 1 sands again suggests significant periods of weathering and breakdown. 
These heavy mineral species are, in general, the most resistant to breakdown and are 
therefore found concentrated in sedimentary systems which have undergone significant 
re-working (Ehlers and Blatt, 1982). 
A possible source of such multi-cycle sedimentary material may be found in the 
massive sandstone deposits within the present day Amadeus and Ngalia Basins. Within 
these basins, sequences such as the red-coloured Arumbera Sandstone and sediments of 
the Finke Group have undergone prolonged periods of exposure and weathering and may 
therefore be the source of the secondary iron-rich species seen in Population 1. 
Sediments within the Amadeus and Ngalia Basins are believed to have had their origin in 
rocks of the Arunta and Musgrave Blocks (Veevers, 1984 ), suggesting that these areas, 
may be the protosources of Population 1 sands. 
The absence of significant hematite and goethite in Population 2 sands along with 
the increased presence of ilmenite, garnet, sillimanite and andalusite, suggests that these 
sands were derived from different protosource areas than those in Population 1. The 
presence of garnet, sillimanite and andalusite in the heavy mineral assemblage indicates a 
protosource region containing high-grade metamorphic rocks, while that of ilmenite 
suggests a basic igneous source (Pettijohn, 1975). Possible crustal areas which both lie 
within the area encompassed by the modern internal drainage basin of central Australia 
and contain these rock types include the Mt. Isa Block to the north of the Simpson 
Desert, and the Arunta Block further to the west. Extensive high-grade metamorphic 
aureoles containing garnet, andalusite, staurolite and sillimanite, found associated with 
granitoid intrusions along the northeast Australian continental margin (Mancktelow, 
1974), are also considered to be possible protosource regions for these sands. 
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To determine the extent of exposure and weathering which has been experienced 
by Population 2 samples, ilmenite grains were separated from sands and examined under 
the scanning electron microscope (SEM). During weathering and diagenesis, ilmenite is 
seen to suffer a gradual dissolution to form other titanium-rich oxides species such as 
leucoxene, rutile and anatase (Deer et al., 1970). SEM examination of ilmenite grains 
from Population 2 sands found them to be relatively unaltered, with oply minor amounts 
of dissolution visible at grain edges. This lack of significant ilmenite dissolution, along 
with the absence of secondary weathering minerals (both iron and titanium oxides), 
indicates that these sands have not undergone prolonged periods of exposure. This 
evidence for the limited exposure history of sands suggests that the younger rocks from 
the northeastern margin of Australia represent a more realistic protosource region for 
Population 2 sands than do the older weathered rocks of the Mt. Isa and Arunta Blocks. 
The characteristic heavy mineral assemblage observed in Population 3 sands 
shows two distinct groupings of mineral species. The first is marked by the presence of 
significant quantities of monazite, muscovite, garnet and epidote, while the second 
contains abundant hematite and goethite. 
The occurrence of heavy mineral species such as monazite and muscovite, which 
are susceptible to breakdown during sedimentary transport (Morton, 1985), suggests 
that the first group of grains has undergone only minimal transportation from its 
protosource area. The abundance of monazite, muscovite and tourmaline in this group, 
indicates that acid-igneous rocks may be present in the protosource region, while that of 
garnet and epidote suggests a metamorphic source. The occurrence of both of these rock 
types in the Mt. Isa Block (Hill et al., 1992), along with its proximity to the northern 
Simpson Desert, suggest that it may represent a protosource region for Population 3 
sands. 
The second heavy mineral group within Population 3 sands contains abundant 
hematite and goethite, which suggests that at least some of the grains in this area have 
undergone prolonged periods of exposure and weathering. Possible source regions for 
these sands may be found in the Mt. Isa Block or in the sedimentary deposits of the 
Amadeus and Ngalia Basins, as was the case for Population 1 sands. 
Ten samples analysed from the Strzelecki Desert (Figure 4.8) show a 
characteristic heavy mineral assemblage containing abundant zircon, ilmenite and rutile, 
significant quantities of tourmaline, hematite, goethite and hornblende, minor amounts of 
epidote, garnet, sillimanite and monazite (Table 4.4). Wasson (1983a) recorded a similar 
heavy mineral distribution in samples from a much wider area of the dunefield. In the 
current study, samples collected to the east and west of Strzelecki Creek display no 
obvious differences in mineralogy, although samples from the west show a higher overall 
heavy mineral abundance. 
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assemblages and oxygen-isotope values. Isotopic values shown are averages of the individual analysis tabulated 
in Appendix ill. Alphabetic codes in this figure refer to Table 4.4. 
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The observed heavy mineral assemblage indicates a derivation of sands from 
protosource areas containing basic igneous rocks (as suggested by the presence of 
ilmenite and rutile), acid igneous rocks (zircon, hornblende, monazite and tourmaline) 
and high-grade metamorphics (garnet, sillimanite and epidote) (Pettijohn, 1975). Wasson 
(1983a) has suggested the Barrier Range and Olary Arch as possible protosource regions 
for much of the sand in the Strzelecki Desert. The similarity between the heavy mineral 
assemblages observed in this study from the northern Strzelecki Desert and the 
southeastern Simpson Desert (Population 2), may indicate that both have been derived 
from similar protosource regions, suggested earlier to be the granitoids and related 
intrusive rocks of the New England Fold Belt and Georgetown Inlier in northeastern 
Australia. 
4.6.4. Oxygen isotope studies 
Analysis of the oxygen-isotope signature of quartz separated from bulk sand 
samples following the procedures outlined in Chapter 2 was carried out on 38 samples 
from throughout the Simpson, Strzelecki and Tirari Deserts. Of these 38 samples, 28 (71 
analyses) were taken from dunes within the Simpson Desert and 10 (25 analyses) from 
dunes of the Strzelecki Desert. A summary of the results obtained from these areas is 
presented in Table 4.5 and results of individual analyses are tabulated in Appendix IV. 
Sample Area Mean 3180 Range 3180 
%0 (SMOW) %o(SMOW) 
Simpson Desert (total) 11.4 ± 0.8 9.6 - 13.1 
(n=28) 
southeastern Simpson 11.3 ± 0.6 10.0 - 12.2 
Desert (n=12) 
northwestern Simpson 11.7±0.7 9.6 - 13.1 
Desert (n=13) 
northeastern Simpson 11.2 ± 0.9 10.4 - 12.7 
Desert (n=3) 
Strzelecki Desert (total) 10.8± 0.5 9.7 -11.9 
(n=lO) 
east of Strzelecki Creek 10.9 ± 0.7 10.1 - 11.5 
(n=4) 
west of Strzelecki 11.1±0.5 10.7 - 11.9 
Creek (n=4) 
southeastern Strzelecki 11.0 ± 0.3 10.7 - 11.3 
Desert (n=2) 
Table 4.5: Oxygen-isotope values (8180) from the Simpson and Strzelecki Deserts 
(errors quoted at 1 standard error level). 
From Figures 4.8 and 4.9, it can be seen that there is very little variation in 
oxygen-isotope values across the entire desert region. Samples from the Simpson Desert 
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show a mean of 11.4 ± 0.8%0, while those from the Strzelecki Desert show a mean of 
10.8 ± 0.5%0. Similarly, within the individual deserts, there is no evidence of significant 
isotope variations occurring between samples taken from regions which have previously 
exhibited differences in other features such as colour and grainsize (see Chapters 4.6.1 & 
4.6.2 and Table 4.5). The only observable trend in oxygen-isotope values across the 
Simpson and Strzelecki Deserts is for values to be lower in dunes adjacent to fluvial 
activity (Figure 4.9). 
The oxygen-isotope values of quartz sands from these desert areas lie within the 
range of values proposed to be indicative of both igneous and metamorphic rocks 
(Taylor and Epstein, 1962; Savin and Epstein, 1970). This, along with the lack of 
regional variation and absence of isotopic data from nearby crystalline material, makes 
the determination of protosource regions using isotope signatures difficult. 
The lack of regional variation in oxygen-isotope values of quartz may be 
explained in several ways. Firstly, the different protosource regions from which the 
quartz sand was originally derived may have had very similar isotopic values, which are 
therefore indistinguishable from each other within the desert area. Secondly, the quartz in 
the different areas of the desert may represent the combination of material from several 
different protosource regions which together combine to give very consistent oxygen 
isotopic values. Thirdly, the oxygen-isotope values of quartz from the different 
protosource regions may have been obscured by secondary overgrowths of low-
temperature sedimentary forms of quartz. It is suggested that the true explanation for the 
observed lack of isotopic variation may be a combination of these three possibilities. 
The trend towards lower oxygen-isotope values in areas adjacent to fluvial 
activity may be related to a number of factors. Sands may have been derived from 
material which has either not experienced the formation of secondary (high ()18Q) 
overgrowths, or has had them removed during fluvial transport. Alternatively, the sands 
adjacent to fluvial activity may represent material which has not been mixed with that 
from other source areas and thus has retained its original isotope signature. The samples 
adjacent to fluvial activity may therefore be more characteristic of the isotopic signature 
of individual protosource regions than the sands in the bulk of the dunefield. 
4.7. SUMMARY 
Characterisation of sands from the Simpson, Strzelecki and Tirari Deserts in 
terms of their Munsell colour indices, grainsize parameters and oxygen-isotope values 
has provided little evidence on their protosource regions. This is believed to be due 
largely to the fact that sands in this region have undergone a complex sedimentary 
history involving several cycles of weathering, erosion and burial. This repeated cycling 
has meant that the sands now record very little evidence of their protosource region, but 
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instead are dominated by features characteristic of more recent sources and sedimentary 
transport processes. 
Using information gained from colour and grainsize studies, as well as that from 
the examination of grain surface features (see Chapter 8), it is possible to divide the 
Simpson, Strzelecki and Tirari Deserts into two main areas. The first, encompassing the 
area to the southeast of the Simpson Desert, the Tirari Desert and the western Strzelecki 
Desert, is characterised by dunes of pale hue (7 .5 - 10 YR) and relatively fine grainsizes 
(higher <I>), while the second, to the north and northwest of the Simpson Desert and the 
eastern Strzelecki Desert, shows dunes of redder hue (2.5 - 5 YR) and coarser grainsizes 
(lower <I>). It is believed that the dunes of paler hue were derived along with significant 
amounts of clay, by deflation of material from the floodflats of major rivers and salt lake 
systems. The presence of this clay-rich material in the dunes is reflected in their fine 
grainsize. The reddened dunes to the north and northwest of the Simpson Desert are 
believed to have been derived from underlying sedimentary material which has undergone 
significant amounts of weathering and exposure. This prolonged exposure has resulted in 
the breakdown of many of the primary heavy mineral species into secondary iron oxides 
and hydroxides (hematite and goethite). The accumulation of such iron oxides on the 
surf aces of sand grains has resulted in their red colouration. 
The most conclusive evidence for the protosources of sands in the Simpson, 
Strzelecki and Tirari Deserts comes from studies of the heavy mineral assemblages within 
the dunes. Based on these analyses, sands of the Simpson Desert have been divided into 
three main populations. Comparison of the heavy mineral assemblages from each of these 
populations with those expected from the different rock types in surrounding areas, 
enables the possible protosources of the sands to be determined. Population 1, from the 
northwest of the Simpson Desert, is thought to have received material from sedimentary 
deposits within the Amadeus and Ngalia Basins, which in turn was derived from 
protosource rocks in the Arunta Block. Population 2, from the southeast of the Simpson 
Desert and perhaps also the northwestern Strzelecki Desert, may contain sediments 
derived from rocks of the Eastern Highlands along the northeastern continental margin of 
Australia. Sands from Population 3, from the north of the Simpson Desert, are thought 
to have been derived from sediments originally generated in the Mount Isa Block, and 
perhaps also from the Arunta Block, as was the case for the northwest of the desert in 
Population 1 (Figure 4.7). 
Oxygen-isotope analyses from across the desert areas show very little regional 
variation and give little information as to the protosources of sand. This limited variation 
may be due to the combination of quartz from many different protosource areas and rock 
types. The primary oxygen-isotope values of quartz are believed to have been obscured 
to some extent by the presence of secondary low-temperature quartz overgrowths. 
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Across the Simpson, Strzelecki and Tirari Deserts, dunes formed adjacent to 
areas of fluvial activity display features which are different from those in the surrounding 
areas. These dunes are characterised by paler hues, more variable mean grainsizes, higher 
sorting parameters and lower oxygen-isotope values. In the northwest of the Simpson 
Desert, near the Finke River, such pale dunes have been observed to overlie the older 
redder dunes characteristic of the region as a whole (Nanson et al. in press). It is 
suggested here that pale sands represent either material recently deposited or washed by 
fluvial activity and shaped into dunes by aeolian processes. The limited extent of these 
dunes, which are rarely found more than a few tens of kilometres from river systems, 
suggests that only limited amounts of recent aeolian transport has taken place and points 
to the present-day stability of the dunefield. 
CHAPTER 5 - MALLEE DUNEFIELD 
5.1. INTRODUCTION 
5.1.1. Location of dunefields 
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The Mallee Dunefield covers an area of approximately 14,400 Ian2 in 
southwestern New South Wales and northwestern Victoria. The dunefield overlies the 
Cainozoic sediments of the western Murray Basin which in turn, is surrounded by 
Proterozoic and Palaeozoic metasediments. To the north, such metasediments are 
uplifted to form the Curnamona Craton and Willyama Blocks, while to the west they 
make up the Mount Lofty and Flinders Ranges. The eastern margins of the basin are 
bounded by the Lachlan and New England Fold Belts while to the southwest, the 
sediments are bounded by the Southern Ocean (Figure 5.1). 
The current distribution of dunes within the Mallee Dunefield records the 
complex interaction between fluvial, lacustrine and aeolian landforms formed during 
major periods of Quaternary climate change. Surficial maps of the Mallee Dunefield and 
surrounding areas have been published by Hills (1939), Sprigg (1959), Rowan and 
Downes (1963), Lawrence (1966), Bowler and Magee (1978), Rogers (1980), Brown 
and Stephenson (1985) and Wasson (1989). 
5.1.2. Climatic conditions and vegetation types 
The present climatic regime within the Mallee Dunefield is semi-arid to temperate 
with mean annual rainfall ranging from 250 mm in the northwest, to 450 mm in the 
southeast. This rainfall amount compares with an average potential evaporation of 
between 1300 and 1500 mm per year. 
The Mallee Dunefield is dominated by a westerly wind system with strong 
southerly and northwesterly components common throughout the year. Infrequent 
easterlies and northeasterlies are also observed. Summer dust storms are thought to be 
associated with dry north winds from the arid interiors (Bowler and Magee, 1978). The 
Mallee Dunefield is considered to be the most windy of all Australian desert regions. 
Despite this windiness, dunes within the region are currently too well vegetated to allow 
sand movement (Ash and Wasson, 1983), except for brief periods following fire and in 
cleared areas. 
The major vegetation assemblage of the dunefield is the Mallee Eucalypt 
association, consisting oflow, multi-stemmed Eucalyptus spp. eg. Eucalyptus oleosa and 
E. dumosa (10 - 30% coverage) with shrubs (< 10%) and grasses (> 10%) (Ash and 
Wasson, 1983). The number of Eucalyptus spp. decreases where the dunefield becomes 
more open and subdued, giving way to other tree species such as Acacia, Casuarina, 
Hakea and Heterodendrum (Bowler and Magee, 1978). 
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Figure 5.1: Map of southeastern South Australia and western Victoria showing the 
position of the Murray Basin. 
5.2. AEOLIAN LANDFORMS 
Aeolian landforms in the Mallee Dunefield are dominated by three distinct fom1s. 
They are the sub-parabolic dune chains of the Lowan Sand, the closely spaced short 
longitudinal dunes of the Woorinen Formation and the crescent shaped, source-bordering 
lunettes (Figure 5.2). 
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5.2.1. Lowan Sand 
The cohesionless, siliceous deposits of the Lowan Sand occur in three well 
developed lobes across the Mallee region, extending east from South Australia where 
they coalesce as the Ninety Mile Desert. These lobes are, from north to south, the Sunset 
Desert, Big Desert and Little Desert. Other areas of the Lowan Sand occur to the south 
and north of the Little Desert as north - northwest belts, crossing ridges of Parilla Sand 
(Lawrence, 1966) and to the east of the Darling River in New South Wales (Figure 5.2). 
Initial mapping of the Lowan Sand showed its dunes to be highly irregular and 
jumbled in nature and made little attempt to sub-divide them on the basis of their 
morphology (Hills, 1939; Lawrence, 1966). A subsequent study by Lawrence (1980) 
divided the three lobes of the Lowan Sand on the basis of their dune types. The Sunset 
and Big Deserts to the north of the Mallee Dunefield were described as containing sub-
parabolic dune chains and teardrop longitudinal dunes. The Little Desert, on the other 
hand, was described as extensive sand plains with little dune development except for one 
area in the east of the desert where parabolic dune chains were observed. The frequency 
and relief of the dunes in the Lowan Sand decreased to the south and east of the desert 
region. This decrease was attributed to an increasing amount of rainfall in this direction. 
The morphology of the individual dune types in the Lowan Sand has been 
examined in studies by Bowler and Magee (1978) and Lawrence (1980). The sub-
parabolic or U-shaped dunes face west-southwest and are moving eastward under the 
influence of the prevailing winds in the area. The nose of these dunes is rounded in shape 
and commonly terminates in a slipface. They range in height from 5 to 15 m and occur 
mainly in chains and not as single forms. In contrast to this, the longitudinal dunes occur 
in low and densely packed groups with a dominant east-west trend. They range in height 
up to ten metres and are asymmetrical in profile, with a steeper northern slope. 
In general, dunes of the Lowan Sand are characterised by the lack of bonding 
clay and carbonate in their sands. This feature results in the Lowan Sand being more 
mobile than other aeolian forms in the Mallee Dunefield and has prevented the formation 
of soil profiles within its dunes (Bowler and Magee, 1978). However the current dense 
vegetation cover on dunes within the Lowan Sand does not allow significant aeolian 
transport to occur. 
5.2.2. Woorinen Formation 
The weathered red-brown calcareous and clayey sands of the Woorinen 
Formation are observed throughout the Mallee Dunefield and are the dominant aeolian 
features in the east of the desert and to the north of the River Murray (Figure 5.2). The 
Woorinen Formation is characterised by closely spaced east-west longitudinal short 
dunes containing high proportions of clay and calcium carbonate. The dunes range in 
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length between 0.5 and 3 km and are typically 2 - 6 m in height. Interdune spacing ranges 
from 0.2 to 1.2 km (Bowler and Magee, 1978). 
Churchward ( 1963a, b) reported clay contents within the W oorinen Formation 
reaching 20%, with average values ranging between 7 and 10%. The maximum 
carbonate abundance is 14%, with an average around 5%. The abundance of carbonate 
within the Woorinen Formation decreases to the north (Bowler and Magee, 1978). 
The longitudinal dunes of the Woorinen Formation are best developed in the far 
west of Victoria and in adjoining South Australia and New South Wales. To the south, 
the dunes become more subdued and gradually trend into sand plain. The east-west 
orientation of the dunes reflects the resultant direction of the prevailing formative winds. 
In contrast to the Lowan Sand, dunes of the Woorinen Formation have gentler slopes 
and less relief, indicating a decrease in sand mobility. Their dunes do not form mobile 
slipfaces and underlying aeolian units have retained their original form during subsequent 
periods of aeolian activity. 
Within many of the dunes of the W oorinen Formation a sequence of aeolian 
deposition spanning at least the last 30 ka is recorded. Church ward (1963a, b) has 
recognized five periods of aeolian accretion. They are, beginning from the base of the 
profile, the Tooleybuc (or Miralie of Lawrence, 1966), Bymue, Speewa, Kyalite and 
Piangil members. Individual members are separated by carbonate-rich soil horizons 
representing periods of stability and little aeolian deposition. The crest of any member is 
displaced to the east and south of the crest of the next oldest member (Bowler and 
Magee, 1978). This displacement is most pronounced in the western and central Mallee 
region and indicates a more westerly former wind regime. In contrast to the older clay-
rich basal units of the W oorinen Formation, the Piangil or uppermost member is more 
siliceous and does not show any surficial soil development due to its youth. The 
formation of this unit is related to widespread sand remobilization following droughts 
and woodland clearance in the early 1900s (Bowler and Magee, 1978). 
5.2.3. Lunettes 
Lunette deposits of the Mallee Dunefield occur as crescent-shaped dunes 
bordering the eastern side of lake basins. They are found in two major regions, the 
Willandra lakes area in the northeast of the dunefield, and along the Anabranch of the 
Darling River. Other smaller areas of lunettes are also found southeast of the River 
Murray associated with Lakes Albacutya, Hindmarsh and Tyrrell. 
The lunette dunes consist mainly of clay, silt and sand layers with minor gypsum 
and carbonate horizons present. They are concave in shape with openings to the west, 
with steeper windward than lee slopes. Lunettes range in height from 1 to 30 m and in 
length from less than 20 m to 25 km. Their size and shape bears a strong relationship to 
that of their associated lake basin. Most lakes have only one related lunette, although 
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some are known to have up to four, eg. Lake Albacutya (Bowler and Magee, 1978). 
These multiple lunettes can be explained in terms of recession of the old shoreline, each 
lunette representing a separate phase of aeolian activity, the oldest being farthest from 
the lake. 
5.3. STRATIGRAPHY 
The sands of the Mallee Dunefield form the current surface exposure of a 
sequence of sediments which together form the Murray Basin. The stratigraphy of the 
Murray Basin is complex and consists mainly of sedimentary deposits associated with 
gravity sag and eustatic changes in sea level. 
The Murray Basin took its present form during the mid to late Tertiary and is 
underlain by Cambrian - ?basal Ordovician metasediments intruded by granite bodies and 
quartz veins. These metasediments are unconformably overlain by Tertiary sedimentary 
deposits related to the migration of Eocene to Pliocene seas and rivers through the basin. 
The Tertiary deposits of the Murray Basin form two distinct depositional cycles, the 
older paralic sands and carbonaceous sediments of the Knight Group (Sprigg, 1952), and 
the Oligocene to Pliocene marine sediments of the Murray Group and the non-marine 
Wunghnu Group. The lower members of the Murray Group, the Y anac Member, 
Netherby Marl, Geera Clay, Duddo Limestone and Winambool Formation represent a 
largely transgressive sequence containing calcareous sands, marls and limestones (Figure 
5.3). 
Of most importance to the development of the Mallee Dunefield are the 
sediments deposited in the Murray Basin in the period following the Mid Miocene. A 
shortlived marine transgression in the Late Miocene to Pliocene initially deposited marine 
clays of the Bookpurnong Beds in the west of the Murray Basin. On the eastern (inland) 
edge of the Bookpumong Beds, the basal Loxton and Parilla Sands were deposited 
adjacent to fluvial and fluvial-lacustrine sands and gravels of the Calivil Sand (Figure 
5.3). The Calivil Sand extended to the eastern margins of the Murray Basin. With the 
westward retreat of the sea during the Pliocene vast sheets of quartz sand (upper Loxton 
and Parilla Sands) were deposited over the earlier trangressive marine deposits 
(Bookpumong Beds). These sand sheets formed prograding beach ridges lying seaward 
of a fluvial plain, which in tum occupied approximately the same position as the Calivil 
Sand plain. To the east of the Murray Basin, fluvial and lacustrine sediments of the 
Calivil Sand and later the more clayey Shepparton Formation were deposited 
synchronous with the Parilla Sand. 
The littoral to near-shore regressive deposits of the upper Parilla Sand are 
moulded into a series of north-northwest to south-southeast oriented ridges, up to 3 km 
in length and 60 m high (Hills, 1939). These ridges are formed from aeolian material 
blown inland from successive strandline positions during the retreat of the Pliocene sea 
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(Brown, 1983). Inland of one of the largest of these ridges (the Marmon Jabuk Range) 
the deposits are siliceous in nature, while seaward of the ridge, the sediments are 
calcareous and constitute the Bridgewater Formation. Sediments from the easternmost 
point of the Bridgewater Formation near Naracoorte, have been dated at - 700 ka (Cook 
et al., 1977) and are believed to represent re-worked Miocene and Oligocene limestones 
eroded during an early Pleistocene transgression into the Parilla Sand (Rogers, 1980). 
The dating of this event was based on the position of the Brunhes-Matuyama boundary. 
Recent work by Spell and McDougall (1992) and Baksi et al. (1992) have redefined the 
age ·of this boundary at - 780 ka indicating that the timing of the Pleistocene 
transgression into the Parilla Sand occurred considerably earlier than initially thought 
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Figure 5.3: Cross-section through the Murray Basin from Walpeup to Yarrawonga 
(h-i)(see Figure 5.2)(from Veevers, 1984). 
The Quaternary sediments of the Murray Basin comprise a complex mixture of 
aeolian (dunes, sheets, lunettes and source-bordering dunes) and alluvial (piedimont, 
channel, flood plain and lacustrine) deposits. The latter include the fluvio-lacustrine 
Blanchetown Clay and Bungunnia Limestone, both of which are found largely in the 
northwest of the basin where they discomformably overlie the Parilla Sand. 
The aeolian Woorinen Formation succeeds the Blanchetown Clay and Bungunnia 
Limestone, and where these are absent, it lies discomformably on the Parilla Sand. The 
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Lowan Sand is considered to cover most of the Quaternary period and lies 
discomformably on the ferruginised soils of the Parilla Sand. In some regions near its 
margins, the Lowan Sand overlies small areas of calcareous red clays, presumably of the 
Woorinen Formation. The Lowan Sand as described here, does not include all loose sand 
in the Murray Basin and is therefore different from the Molineaux Sand of Firman 
(1966), which includes both the Lowan Sand and the mobile Piangil Member of the 
Woorinen Formation. 
5.4. CHRONOLOGY OF DUNE BUILDING 
The Quaternary chronology of the Mallee Dunefield has been established using a 
combination of stratigraphic studies and radiocarbon analysis of both soil carbonates and 
overlying midden deposits. More recently, thermoluminescence dating of quartz from 
both fluvial and aeolian settings has proved useful in establishing the chronology of the 
area beyond the range of radiocarbon dating. 
5.4.1. Woorinen Formation 
The chronology of dune building in the Woorinen Formation was established 
following radiocarbon analysis of re-crystallised soil carbonates at Nyah West (Bowler 
.and Polach, 1971). In this study it was shown that the last major phase of dune 
accumulation (the Kyalite Member) was prior to 15.6 ka. This age was supported in later 
studies by Bowler et al. (1976) who believed that the last episode of linear dune 
mobilization in the Mallee Dunefield lay between 25 and 16 ka. Radiocarbon studies 
from the lower units of the Woorinen Formation have dated the Speewa Member at 24 
ka and the Bymue Member at 29.8 ka (Bowler and Polach, 1971). 
5.4.2. Lowan Sand 
The formation of the sub-parabolic dunes of the Lowan Sand has been dated 
using field relationships of the dunes with adjacent lacustrine events and channel flows. 
Bowler (1976) showed that dunes of the Big Desert in Victoria were active on the 
western shores of Lake Albacutya synchronous with the deposition of its last lunette, -
16 ka. Similarly, lobes of the Lowan Sand were encroaching on Lake Garnpung and 
outer Lake Arumpo in the Willandra Lakes region between 17.5 - 16.0 ka when these 
lakes were drying (Bowler and Magee, 1978). However, in contrast to these late 
Pleistocene ages for the Lowan Sand, Firman (1983) believed that the current dunes are 
Holocene in age and have been derived from pre-existing aeolian forms, strandline 
deposits and Holocene rivers. This hypothesis is based largely on field evidence which 
suggests that in some areas near its margins, the Lowan Sand overlies the Woorinen 
Formation. Wasson (1989) pointed out however that this field evidence may not hold in 
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the interior of the dunefield, and that the Lowan Sand may have been actively 
accumulating in some areas, while the Woorinen Formation accumulated in others. 
5.4.3. General 
The combination of chronologic studies from both the Lowan Sand and 
Woorinen Formation suggests that the last major phase of aeolian activity in the Mallee 
Dunefield occurred between 25 and 15 ka. Wasson (1984b) believed that it was at its 
maximum between 18 and 16 ka. Stabilisation of the dunes in the region is suggested to 
have taken place between 6 and 12 ka (Bowler, 1976; Wasson, 1984b). These ages are 
supported by the combined radiocarbon and thermoluminescence (TL) study of Gardner 
et al. (1987). They reported that the majority of dated samples taken from different areas 
of the Mallee Dunefield are late Pleistocene in age with only a small number from the 
Holocene (19.5 - 28.0 ka (14C): 8.0 - 34.5 ka (TL)). 
Thermoluminescence studies by Readhead (1984, 1988) have shown dune ages 
lying between 90 and 205 ka, indicating aeolian activity in the Mallee Dunefield prior to 
the penultimate interglacial. The earliest aeolian activity in the Mallee region is suggested 
have occurred at 300 to 400 ka (Wasson, 1989) approximately synchronous with the 
strandline beach ridges of the Bridgewater Formation (Schwebel, 1983). 
5.5. SAND PROVENANCE REGIONS· PREVIOUS INVESTIGATIONS 
The possible source regions for sand within the Mallee Dunefield have been the 
subject of much speculation since the pioneering work of Hills (1939). Hills believed that 
what is now known as the Lowan Sand was an erosive product of the Parilla Sand. This 
was supported by Lawrence (1966, 1980) who showed that the upper surface 
topography of the underlying Parilla Sand was most subdued beneath the Woorinen 
Formation, suggesting that the Lowan Sand was formed by the extensive deflation of the 
Parilla Sand. Further work by Lawrence (1976) showed an absence of regional, textural 
and compositional trends in the Lowan Sand expected to be associated with downwind 
transport, again indicating a derivation from local sources such as the Parilla Sand. 
Crocker ( 1946), on the other hand, believed the source of the Lo wan Sand to be 
re-sorted quartzose A-horizons of the former Bridgewater Formation dunes. Sprigg 
(1952, 1959) showed a northerly decrease in the lime concentration of the Lowan Sand 
as well as an increase in the quartz content in dunes of the Bridgewater Formation in 
South Australia. He suggested from this, that trends in sand composition were due to an 
easterly migration of sand from the Bridgewater Formation under the influence of strong 
winds. 
On the basis of the distribution of the Lowan Sand, Wasson (1989) considered 
that neither of these proposed source areas could be completely validated. He pointed 
out that the distribution of the Lowan Sand was outside that of the Parilla Sand, and that 
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the features of dunes from both formations were not the same. Using a similar rationale, 
the Bridgewater Formation could not be advanced as a source for the Lowan Sand in the 
Big Desert in the northern part of the Mallee region (Wasson, 1989). 
On the basis of morphologic evidence, Wasson (1989) believed that there were 
multiple sand sources for the Lowan Sand. Wasson suggested that each of the three 
major lobes of the Lowan Sand south of the River Murray were derived from different 
sediment sources. The northernmost lobe, or Sunset Desert, was thought to be made up 
of a combination of sediment derived from sources along the River Murray, the Parilla 
Sand ridges and material deflated from boinka deposits. The boinka, as defined by 
Macumber (1991) is a landform assemblage common to the Mallee region, characterised 
by large depressions containing groundwater discharge features such as sand-plains, 
gypsum flats, gypsite (copi) hills, salinas and source-bordering dunes. The Big Desert 
includes sand blown eastward from the Bridgewater Formation and also from the Parilla 
Sand ridges inland of the 700 ka (or - 780 ka; see Chapter 5.3) shoreline. The 
southernmost lobe, or Little Desert, was thought to be derived primarily from the 
siliceous sediments of the Parilla Sand at or inland from the 700 ka (or - 780 ka) 
shoreline. 
Bowler and Magee (1978) have suggested that the regions of Lowan Sand to the 
north of the River Murray are related to abundant sand supplies in alluvium and 
lacustrine deposits, ie. downwind of Lakes Garnpung and Mungo to the north-east of the 
Mallee Dunefield. 
The composition of the linear dunes of the Woorinen Formation contrasts with 
that of the Lowan Sand by the presence of significant quantities of clay and carbonate. 
These compositional variations imply that differences may exist in the source regions for 
the two aeolian formations. Crocker (1946) believed that the carbonate in the Woorinen 
Formation blew inland as loess winnowed from the calcareous Bridgewater Formation. 
Alternatively, Lawrence (1980) suggested that the carbonate was derived from both 
cyclic salts and calcite dust blown from shell deposits exposed on the South Australian 
coastline during times of low sea level. Wasson (1989) attributed the carbonate in the 
Woorinen Formation to a combination of both these possible sources, as well as from the 
more local Bungunnia Limestone. 
The source of clay to the Woorinen Formation was considered by Lawrence 
(1980) to be deflated Quaternary lacustrine sediments. Wasson (1989) suggested that 
such clays were, in part, derived from the underlying Blanchetown Clay, but thought that 
this did not represent the only source region. He believed that clay material in areas of 
the Woorinen Formation outside the extent of the Blanchetown Clay was derived from 
more localized deposits of clay-rich alluvium. The presence of sand-sized clay aggregates 
in the Woorinen Formation led Bowler and Magee (1978) to suggest that the deflation of 
material from inter-dune swales played an important part in the development of the 
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dunes. This supports earlier work by Rowan and Downes (1963) who were of the 
opinion that new layers in the Woorinen Formation added during arid episodes were 
derived from the erosion of calcareous sediments in the swales. Bowler and Magee 
(1978) believed that such clay aggregates resulted from the breakdown of clay layers 
under the influence of saline efflorescence, in a similar way to that which has been 
documented for lunette formation (Bowler, 1973). 
5.6. STUDIES OF SAND PROVENANCE 
Prior to the assessment of the physical and mineralogical characteristics of Mallee 
Dunefield sands, samples were categorised as belonging to either the W oorinen 
Formation or to the Lowan Sand. This division was made on the basis of sample location 
following the base-line maps of Bowler and Magee (1978) and Wasson (1989). The 
individual sample locations and their assigned groupings are tabulated in Appendix I. 
5.6.1. Munsell colour indices 
A total of 114 sand samples from the Mallee Dunefield were examined for their 
Munsell Colour Indices. The results of these analyses are tabulated in Appendix I and 
presented as a map of the interpreted regional colour variations in Figure 5.4. 
From Figure 5.4, it is apparent that there are distinct differences in the Munsell 
hue parameter, both across the dunefield and between the different formations. In 
general, sands from the Woorinen Formation show a yellowish hue of 7.5 YR, while 
those from the Lowan Sand show a paler one of 10 YR. In both of these formations, the 
value and chroma parameters are similar, with average readings of 5 and 6 respectively. 
Within the Woorinen Formation, differences in the Munsell hue parameter are observed 
between samples collected from north and south of the River Murray. Those to the north 
of the river are of a redder hue (5 YR), while those from further to the south are of a 
paler, more yellow hue (7 .5 YR). 
The variations observed in the colour parameters between the Lowan Sand and 
Woorinen Formation are believed to be related to the textures of their parent materials, 
their differing stabilities and hence their degree of pedogenesis. The reddening of sands is 
thought to be a cumulative pedogenic process, with colour accumulated over time since 
original sediment deposition (Walker, 1967a, b). This process is favoured by periods of 
stability and the presence of significant quantities of clay (Bowler and Magee, 1978). As 
discussed earlier, dunes of the W oorinen Formation are largely stabilised and contain up 
to 20% clay (Churchward, 1963a, b). The Lowan Sand, on the other hand, is more 
mobile and contains only minor quantities of clay. The differences in Munsell hue 
observed between these two formations are therefore suggested to be related to the 
increased development of pedogenic coatings on the surfaces of grains from the 
Woorinen Formation in comparison to those of the Lowan Sand. In several road cuttings 
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however, the base of the Lowan Sand horizon was noticeably more yellow/orange than 
the buff coloured sands at the surface. This colour change is considered here to be 
evidence for the beginnings of pedogenesis within the Lowan Sand. 
The redder hues of the W oorinen Formation to the north of the River Murray, 
may indicate either that sands from this area were derived from a different source region, 
or are slightly older and have undergone more prolonged periods of pedogenesis than 
have the sands from south of the river. 
Variations in Munsell Colour Indices across the Mallee Dunefield are seen 
therefore to provide little evidence as to the protosource region/s of sands but instead are 
considered to be indicative of pedogenic processes that have taken place following sand 
deposition. 
5.6.2. Grainsize parameters 
A total of 29 samples from the Mallee Dunefield were analysed for their grainsize 
characteristics and a summary of the results obtained presented in Table 5.1. The exact 
sample locations and individual grainsize parameters are given in Figure 5.4, in 
conjunction with Appendix II. 
The results of these analyses indicate that there are slight differences between the 
sands of the Lowan Sand and those of the W oorinen Formation. The Lowan Sand is 
characterised by medium to fine-grained sands (215 ± 66 µm), which are moderately well 
sorted (0.59 ± 0.1 <!>) and symmetrically skewed (0.02 ± 0.24 <I>). In contrast to this, those 
of the Woorinen Formation are finer-grained (196 ± 46 µm), also moderately well sorted 
(0.62 ± 0.1 <!>) and more positively skewed (0.26 ± 0. 32 <!> ). 
Within the W oorinen Formation, differences in grainsize parameters are seen 
according to sample location. Those to the north of the River Murray are coarser 
grained, less well sorted, and more positively skewed than those to the south (Table 5.1). 
Mean (Mz) 
Range (Mz) 
Sorting ( cr1) 
Range (cr1) 
Skewness (Sk1) 
Range (Sk1) 
Lowan Sand 
(n= 13) 
2.22 ± 0.22 <I> 
215 ± 66 µm 
2.00 - 2.90 <I> 
134- 250 µm 
0.59 ± 0.10 <I> 
0.48 - 0.88 <I> 
0.02 ± 0.24 <I> 
-0.26 - 0.49 <I> 
W oorinen Fm. 
(south of R. Murray) 
(n = 16) 
2.41±0.11 <I> 
189 ± 29 µm 
2.23 - 2.58 <I> 
167 - 213 µm 
0.61±0.12 <I> 
0.43 - 0.76 <I> 
0.15 ± 0.21 <I> 
-0.18 - 0.57 <I> 
Woorinen Fm. 
(north of R. Murray) 
(n = 3) 
2.04 ± 0.10 <I> 
243 ± 34 µm 
1.90 - 2.15 <I> 
225 - 268 µm 
0.69 ± 0.07 <I> 
0.68 - 0.70 <I> 
0.80 ± 0.23 <I> 
0.50 - 1.05 <I> 
Table 5.1: Grainsize parameters from sands of the Mallee Dunefield (Errors quoted 
at 1 standard error level). 
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As was the case with the Munsell colour variations across the Mallee Dunefield, 
the differences between the Lowan Sand and the Woorinen Formation can be explained 
in terms of their mineralogy and stability. Sands from the Woorinen Formation contain a 
higher percentage of clays and fine-grained carbonates, both of which give the samples a 
lower mean grainsize. The effect of a high clay content is also to stabilise the sand 
material due to the hydroscopic binding attractions of clay particles (Price, 1963). 
Increasing stability of sand limits the amount of aeolian sorting experienced by the 
sample, leading to the retention of fine grains which would otherwise be removed. 
Conversely, the limited amount of fine grained clays in Lowan Sand samples is 
reflected in their increased mean grainsize. This lack of clay in the Lowan Sand samples 
also leads to their increased mobility and hence to the selective winnowing of fine 
grained material. 
The variations observed in the grain size parameters of the W oorinen Formation 
to the north and south of the River Murray, suggest either that sand in the two areas has 
been derived from different source regions, or that they have been deposited under 
different environmental conditions. 
5.6.3. Heavy mineral assemblages 
Separation and analysis of the heavy mineral assemblages in 16 samples from the 
Mallee Dunefield was carried out during the course of this study (Figure 5.5). The results 
of these investigations, which are presented in Table 5.2, show that all samples contain a 
characteristic mineralogy dominated by rutile, hornblende, tourmaline and zircon. 
Significant quantities of ilmenite, sillimanite, garnet and muscovite were found in most 
samples as well as minor amounts of andalusite, ilmenorutile, magnetite and staurolite. 
From Table 5.2, it can be seen that there is very little difference in the primary 
mineralogy of samples from the Woorinen Formation and the Lowan Sand. Within the 
Woorinen Formation however, differences are observed in the mineralogy of samples 
taken from north and south of the River Murray. Along with the heavy mineral 
assemblage described above, samples from north of the River Murray are found to also 
contain significant quantities of secondary weathering minerals such as hematite, anatase 
and goethite. 
On the basis of the observed heavy mineral assemblages, several comments can 
be made on the mineralogy of the protosource regions from which sands of the Mallee 
Dunefield were derived. The occurrence of significant quantities of zircon, tourmaline 
and hornblende, as well as the presence of muscovite, points to a major acid igneous 
component to the protosource, while a lesser metamorphic input is indicated by garnet, 
sillimanite, andalusite and staurolite. The presence of ilmenite, ilmenorutile and magnetite 
also suggests a source from igneous rocks. 
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lw oorinen Formation I ILowan Sand I 
s s s s G G G s s s s s s s s s 
p p p p A A A p z p p p p p p p 
Sample No. 8 1 1 8 c c c 9 3 1 7 1 1 1 1 1 
3 6 1 0 3 4 3 3 5 4 6 4 3 1 5 0 
5 8 7 2 2 4 0 0 0 6 
I Figure Ref. II A I B I c I D I E I F I G I H I I I J I IKILIMINlo[~] 
Mineral Name: 
!Anatase m- m m- m- * * m-
IAndalusite m- m- m * m- m- m- m- * m 
!Celestine M 
IEEidote m-
I Garnet * m+ m+ m- m m- m 
IGoethite * m+ 
jHematite m m m 
I Hornblende m- m m+ m+ m M m- m m m m- m-
lnmenite M m m+ m+ m+ m- m+ m- m+ m- m m- m m 
lnmeno-rutile m+ m+ m- m+ m+ m m- m 
!Kaolinite(#) 
jMagnetiite m m m- m- m 
IMonazite 
I Muscovite m- m- M m- M m- m- m- M * 
IRutile m+ M M M M m+ m+ m+ M m+ m+ m+ m+ 
lsillimanite Im m+ M m+ M * m * 
lsEhene 
lstaurolite * m- m-
IToEaz 
!Tourmaline m M m+ m- m+ m * m M m+ m+ M M M m+ M 
I Zircon m+ m+ M M m+ m- M * m+ M M M m+ M 
Table 5.2: Heavy mineral assemblages of sands from the Mallee Dunefield. 
#: Note that although kaolinite is not a heavy mineral (density < 2.96 gm/cm3) it is 
commonly found associated with secondary weathering minerals such as hematite 
(McFarlane, 1983). M =Abundant; m+ =Significant; m =Present; m- =Minor;*= Trace. 
The heavy mineral assemblages recorded in this study are very similar to those 
reported by Colwell (1979) from sediment samples in southeastern South Australia and 
western Victoria. Colwell's study area was largely to the west of the Mallee Dunefield 
and included the Parilla Sand and Bridgewater Formation. He suggested that the source 
of these sands was a combination of the Lower Palaeozoic igneous rocks of the 
Padthaway Ridge (acid igneous component), metamorphic and other rocks of the 
Adelaide Geosyncline (metamorphic components), Tertiary sediments of the Murray 
Basin and Late Cainozoic volcanics of the Mt. Gambier area. 
MALI..EE DUNEFIELD 86 
It is probable that the sands from the Mallee Dunefield examined in the present 
study share many of the source regions proposed by Colwell (1979). It is suggested here 
that the Tertiary sediments of the Murray Basin, proposed by Colwell as a source of 
sand, may represent material ultimately derived from protosources in the Tasman Fold 
Belt (Lachlan and New England Fold Belts) and transported into the Murray Basin via 
the ancestral Murray and Darling Rivers. 
Differences between samples of the W oorinen Formation taken from north and 
south of the River Murray have been observed in not only their heavy mineral 
assemblages but also in their colour and grainsize parameters (Chapters 5.6.1 & 5.6.2). 
These differences indicate that the source or protosource regions for sands from the two 
areas may not be the same. The presence of secondary weathering minerals such as 
hematite and goethite in samples to the north of the River Murray, along with their 
redder hue (5 YR), indicate that they may have been derived from sedimentary material 
which perhaps has undergone periods of ferruginisation. The pale hue ( 10 YR) and 
absence of hematite and goethite in sand samples from the south of the River Murray 
indicate that they were eroded from areas which have not undergone extensive 
ferruginisation. 
5.6.4. Oxygen-isotope studies 
· The oxygen-isotope values of quartz separates from 25 Mallee Dunefield samples 
were measured according to procedures outlined in Chapter 2. The results of these 
analyses are presented in Figure 5.5 and a summary of values for the Lowan Sand and -
Woorinen Formation is tabulated in Table 5.3. 
Sample Area 
Lowan Sand(n = 10) (1) 
Woorinen Formation (south 
of Murray R.) (n = 9) (1) 
Woorinen Formation (north 
of Murray R.) (n = 2) (1) 
I - type granites 
Berridale Batholith (2) 
(O'Neil and Chappell, 1977) 
S - type granites 
Berridale Batholith (2) 
(O'Neil and Chappell, 1977) 
Mean olSQ 
%o(SMOW) 
12.0 ± 0.4 
12.4 ± 0.4 
12.0 ± 0.2 
Range olSQ 
%o(SMOW) 
11.2 - 12.6 
11.8 - 13.1 
11.8 - 12.2 
7.7 - 9.9 
10.4- 12.5 
Table 5.3: Oxygen-isotope values for sands from the Mallee Dunefield ; (1) quartz 
separate from dune sample, (2) whole-rock samples. Quoted errors are at the !standard 
error level. 
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From Figure 5.5, it can be seen that there is very little variation in oxygen isotope 
signature across the dunefield, with individual analyses ranging from 11.2 - 13.1 %0. 
These values lie within the range of those expected from quartz in both igneous and 
metamorphic sources (Blatt, 1987). In previous studies of I- and S-type granites from the 
Berridale Batholith and New England Fold Belt of eastern Australia, O'Neil and Chappell 
(1977) and O'Neil et al. (1977) recorded whole-rock o180 values in the range of 7.7 to 
9.9%o and 9.9 to 12.5%0 respectively. These values, when adjusted for the presence of 
co-existing feldspars (assuming a 1.5%o difference between feldspar and quartz), give 
o180 values of quartz for I- and S-type granites of approximately 9.9 to 11.4%0 and 11.4 
to 14.0%0 respectively. These values are similar to those from sands in the Mallee 
Dunefield, and while not giving a definitive identification, suggest that these granites may 
make up a part of the sands' protosource area. This, however, does not preclude the 
presence of metamorphic and low-temperature forms of quartz in the protosource area, 
but indicates that they are probably not the dominant source of sand. 
On a more local scale, only very small variations are observed in the oxygen-
isotope values of sands from the Lowan Sand and Woorinen Formation. The mean o180 
values for sands from these two formations, as presented in Table 5.3, are the same 
within error, although those of the Woorinen Formation are, in general, of a slightly 
higher value. It is suggested that this small difference in o180 signature between the two 
formations may be related to the incorporation of small amounts of clay into samples of 
the Woorinen Formation and not to any differences in protosource. The ol80 signatures 
of Tertiary weathering clays from Victoria and southeastern New South Wales, has 
previously been found to range between 12.5 and 21%0 (Bird and Chivas, 1989). 
Within the W oorinen Formation, small differences are observed between the 
o180 values of samples taken from north and south of the River Murray. Although based 
on only a limited number of analyses, the mean of values to the north of the river is lower 
than that to the south (Table 5.3). This difference may be related to changes in the 
protosource areas for the samples. 
4.7. SUMMARY 
Little information as to the protosource areas of sands in the Mallee Dunefield 
can be gained from their characterization in terms of Munsell Colour Indices, grainsize 
parameters and oxygen-isotope values. Instead, these parameters are influenced by post-
depositional features related to the composition and stability of the individual sand dunes. 
Within the Mallee Dunefield aeolian units have been divided, on the basis of their 
morphology, into the Lowan Sand and fhe Woorinen Formation (Lawrence, 1966, 1980; 
Bowler and Magee, 1978). The Lowan Sand is characterised by light-coloured (hue 10 
YR), sub-parabolic dune chains, with medium to fine-grained, symmetrically skewed 
sands. The Woorinen Formation, on the other hand, consists of redder coloured (hue 7.5 
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YR), tear-drop longitudinal dunes with finer-grained sands and more positively skewed 
grainsize distributions. 
It is believed that the differences observed between these two formations are 
related largely to their composition and more particularly, to their clay component. 
Dunes of the W oorinen Formation contain up to 20% clay, while those of the Lo wan 
Sand, less than 1 % (Churchward, 1963a, b). The effect of this fine-grained clay material 
on the W oorinen Formation is not only to decrease its mean grainsize, but also to bind 
the sand grains together, thus increasing dune stability. This stability is reflected in the 
increased amount of pedogenesis experienced by the W oorinen Formation and hence its 
redder colour when compared to the Lowan Sand. Conversely, lack of clay material in 
the Lowan Sand results in its increased mobility, paler colour and increased mean 
grain size. 
The most conclusive information on protosource areas for sands in the Mallee 
Dunefield is obtained from studies of their heavy mineral assemblages. From the 
characteristic mineralogies of these assemblages, which are similar in both the Lowan 
Sand and the Woorinen Formation, it is possible to predict the different rock types which 
were present in the protosources. These rock types include acid igneous rocks, possibly 
from the Padthaway Ridge or Lachlan and New England Fold Belts, metamorphic rocks 
from the Adelaide Geosyncline and volcanics from southeastern Australia. The 
ultrastable nature of much of the heavy mineral assemblage suggests that the sands of the 
Mallee Dunefield are made up of mature, multi-cycle sediments which are, in many cases, 
well removed from their protosource areas. 
Within the Woorinen Formation, samples taken from north of the River Murray 
are redder in colour (hue 5 YR), coarser-grained and display lower 3180 values than do 
those to the south of the river. The primary heavy mineral assemblage of the samples 
from both regions is similar, but those to the north contain greater amounts of secondary 
weathering minerals such as hematite and goethite. These differences suggest that in the 
north of the W oorinen Formation, sands have undergone longer periods of exposure 
(possibly involving ferruginisation) than those to the south, and may also indicate a 
change in the protosource regions for the two areas. 
CHAPTER 6 - GREAT SANDY AND GIBSON DESERTS 
6.1. INTRODUCTION 
6.1.1. Location of dunefields 
89 
The northwestern region of Australia contains two major deserts which together 
cover a combined area of - 600,000 Ian2. Of these, the larger is the Great Sandy Desert 
(400,000 Ian2), which lies between 19 - 22° S, and extends for 1300 km in a broad belt 
from the northwest Australian coast between Broome and Port Hedland to the central 
Australian Arunta and Musgrave Blocks. Towards its southern margin, dunes of the 
Great Sandy Desert merge with those of the Gibson Desert (200,000 Ian2), which itself 
extends southwards from 22 - 26° S, before eventually blending into the Great Victoria 
Desert. 
The majority of the Great Sandy Desert is underlain by Mesozoic to Tertiary 
sedimentary rocks within the predominantly Palaeozoic on-shore Canning Basin. The 
Canning Basin itself is a large intra-cratonic basin bounded to the north and south by the 
Kimberley and Pilbara Blocks, and to the east by the central Australian Highlands. To the 
southeast of the Canning Basin, the Proterozoic northwest Officer Basin is overlain by 
the northern Gibson Desert (Figure 6.1). As discussed in Chapter 3, the Officer Basin 
extends from central South Australia to eastern Western Australia and underlies both the 
Great Victoria Desert and the Gibson Desert. The western Gibson Desert is underlain by 
the Proterozoic Paterson Province in the north, sedimentary rocks of the Bangemall and 
Savory Basins in the central region and the Yilgarn Block to the south (Figure 6.1). 
The current surface topography of the Great Sandy and Gibson Deserts changes 
significantly from north to south across the region. In the Fitzroy River area of the 
northern Great Sandy Desert, linear dunes intermingle with an assemblage of mangroves 
and tidal flats (Jennings, 1975). Further to the south, the central Great Sandy Desert is 
marked by extensive longitudinal dunes which run for hundreds of kilometres and are 
underlain by ironstones and remnants of Tertiary erosional surfaces. In the south of the 
desert, outcrops of erosional surfaces are more common, with the eastern Gibson Desert 
consisting largely of rocky or gravelly plains and only occasional sand-ridges. Other 
features in this area include laterite-capped mesas and buttes, low silcrete-covered hills, 
rock outcrops of sandstones, quartzites and granites, and mounds of calcretes along 
margins of small valleys (Talbot, 1910). 
6.1.2. Climatic conditions and vegetation types 
The climatic regimes presently active in the Great Sandy and Gibson Deserts vary 
considerably from north to south across the region. The northern margin of the Great 
Sandy Desert lies in the southernmost part of the northwestern Australian monsoonal 
area. Rainfall in this area is concentrated in the months between December and March, 
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with Derby (Figure 6.1) receiving an average of 610 mm per year. Average temperatures 
in the wet season at Derby are high, with temperatures reaching 38°C on 30-40 days per 
year (Jennings, 1975). 
Further to the south, in the central Great Sandy Desert, the average yearly rainfall 
drops to 400 mm, while in the Gibson Desert this average is 250 mm per year. Rainfall in 
the Great Sandy and northern Gibson Deserts is concentrated during the summer months 
(September to March), contrasting with that of the Great Victoria, Simpson, Strzelecki 
and Tirari Deserts and the Mallee Dunefield, where it falls mainly in the winter months 
(May to August). 
The dominant wind direction in the Great Sandy and Gibson Deserts is from the 
east, with minor components depending on location. In the north of the Great Sandy 
Desert, winds at Halls Creek are largely uni-directional from the east, with occasional 
winds from the northeast (Veevers and Wells, 1961). Winds at Giles in the northeastern 
Gibson Desert, are bi-directional, with the majority of sand-shifting winds blowing 
equally from east to south-southeast and north to north-northeast. 
Both the amount and type of vegetation in the Great Sandy and Gibson Deserts 
varies with location. The major vegetation in the north of the Great Sandy Desert is open 
woodland, mainly Acacia aneura (> 10% ), with hummock grasses, particularly Triodia 
pungens and T. basedowii (> 10%). Hakea spp., Grevillea spp. and Mallee species of 
Eucalyptus are also prominant (Ash and Wasson, 1983; Northcote and Wright, 1983). 
Dunes in the area are largely stabilised by this vegetation, which covers all but their 
crests. Further to the south, in the central Gibson Desert, the vegetation assemblage is· 
dominated by tall shrubs (< 10%) and hummock grasses (Triodia spp. < 10%) (Ash and 
Wasson, 1983). This is concentrated on sand-ridges while the stony and gravelly desert 
plains are largely devoid of vegetation. 
6.2. AEOLIAN LANDFORMS 
The morphology of dunes varies across the Great Sandy and Gibson Deserts. In 
the Fitzroy River region, an assemblage of linear dunes is preserved in low-lying areas 
adjacent to the Fitzroy River. These dunes are believed to be remants of an extensive 
early Pleistocene aeolian assemblage, formed under the influence of a climate 
substantially different from that at present (Brunnschweiler 1957; Jennings, 1975). 
Dunes of the central and southern Great Sandy Desert form a vast sand-sea of 
longitudinal ridges, some of which extend for up to 400 km. These dunes were initially 
characterised by Veevers and Wells (1961), and later by Crowe (1975), who divided the 
Great Sandy Desert in terms of three main aeolian forms: 
1) Simple longitudinal dunes, with single crests and symmetrical cross sections. 
These dunes, which are, on average 40 km in length and up to 15 metres in height, run 
parallel to each other at an inter-dune spacing of 0.1 - 2 km. Simple longitudinal dunes 
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are widespread across all of the Great Sandy Desert and are underlain by both gravel 
plain and sand sheets. 
2) Chain longitudinal dunes with multiple crests and numerous Y-junctions. In 
general, these dunes are 5 - 10 km in length and up to 10 metres in height. Dunes of this 
type are found mainly in the higher rainfall areas to the far north of the Great Sandy 
Desert. 
3) Net-like dunes made up of short (1 - 2 km) north and west- trending links, up 
to 15 km in length, and with inter-dune spacing of< 300 metres. Veevers and Wells 
(1961) believed that this type of dune was associated with the numerous salt pans and 
salt lakes in the Great Sandy Desert. 
Dunes of the Great Sandy Desert become increasingly complex towards the 
centre of the Canning Basin or in other areas of depression, which have acted as traps for 
moving sand (Crowe, 1975). Talbot (1910) recorded that dunes of the Great Sandy 
Desert were more extensive in the area to the southwest side of Lake Disappointment. 
In the area of the Great Sandy Desert north of 20°S, dunes trend to the west, 
while south of 20°S, this changes to west-northwest. Those of the Gibson Desert trend 
between north - northwest (Daniels, 1969). The complex dune pattern at the boundary 
between the Gibson and Great Victoria Desert is related to eddies formed at the junction 
between two different wind regimes, and to modification of these eddies by hills and 
ranges (Daniels, 1969). 
Dunes of the Great Sandy and Gibson Deserts are presently considered to be 
largely stabilised. This is indicated by the large amounts of vegetation covering dunes as 
well as by the absence of characteristic slip faces and sharp transverse outlines common 
in mobile dunes (Veevers and Wells, 1961 ). 
6.3. PALAEODRAINAGES 
In the Great Sandy and Gibson Deserts, as was the case in the Great Victoria 
Desert, there is significant evidence for the existence of prior drainage channels. These 
channels, which have previously been described in Chapter 3.3, are thought to be late 
Eocene to early Miocene in age and to have formed the basis of Western Australia's 
external drainage pattern at this time. The positions of these channels are marked by the 
numerous salt lakes and clay pans in the desert region (Figure 6.2). In studies of the 
palaeodrainage distribution across Western Australia, van de Graaff et al. (1977) 
identified three major palaeodrainage provinces in the Great Sandy and Gibson Desert 
area (Figure 6.2). These were: 
1) External drainage from rivers within the Great Sandy and Gibson Deserts into 
the Indian Ocean to the northwest. Much of this drainage occurred via the 
Disappointment and Percival palaeorivers, which lie along structural boundaries between 
Precambrian basement rocks and Phanerozoic sediments. 
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2) Internal drainage in the southeastern Great Sandy Desert and northeastern 
Gibson Desert. 
3) External drainage from river valleys in the southwest of the Northern 
Territory, through rivers in the Great Sandy Desert and into the Indian Ocean. 
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Figure 6.2: Map showing the positions of palaeodrainage channels and major 
palaeodrainage provinces in Western Australia and adjoining areas (from van de Graaff et 
al., 1977). 
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Present-day rivers provide little sand material to the Great Sandy and Gibson 
Deserts, with the only significant deposition occurring along the courses of the 
sporadically flooded Savory Creek and Oakover River (Veevers and Wells, 1961). 
6.4. STRATIGRAPHY 
6.4.1. Canning Basin 
The majority of sands from the Great Sandy and Gibson Deserts overlie the 
Canning and Officer Basins respectively. The stratigraphy of the Officer Basin, which 
underlies both the Great Victoria and Gibson Deserts, has been discussed previously in 
Chapter 3.3.2. 
The Canning Basin lies between 16 and 24° Sand 120 and 127° E, and covers an 
on-shore area of 430,000 km2 and an off-shore area of 165,000 km2 (Forman and Wales, 
1981). The basin contains a maximum thickness of - 10,000 metres of Phanerozoic 
sedimentary rocks, resting unconformably on a Precambrian basement. This basement 
consists mainly of metamorphic rocks, basic igneous rocks and metasedimentary rocks 
which have been correlated with rocks of the Rudall Metamorphic Complex (Paterson 
Province) to the southwest, the Arunta and Granites-Tanami Blocks to the east and the 
King Leopold Beds (Halls Creek Group) to the north. 
Overlying this Precambrian basement, the Canning Basin succession includes 
Palaeozoic, Mesozoic and Cainozoic sedimentary rocks, lying within five major 
structurally controlled areas. These areas are, from north to south (Figure 6.3): 
1) the Lennard Shelf 
2) the Fitzroy and Gregory Sub-basins 
3) the Broome and Crossland Platforms and related Jurgurra and Barbwire 
Terraces 
4) the Kidson and Willara Sub-basins 
5) a southern shelf area consisting of the Anketell and Tabletop Shelves and the 
Wallal Platform 
Phanerozoic sedimentation in the Canning Basin began in the Early Ordovician, 
following basin subsidence and the resulting marine transgression. The initial sediments 
of the transgression, the basal sands of the Nambeet Formation, were deposited in 
topographic lows of the Willara, Fitzroy and Kidson Sub-basins (Figure 6.4). Marine 
conditions prevailed through much of the Early to Mid-Ordovician with deposition of 
carbonates (Willara Formation) to the south of the basin and fine-grained terriginous 
sediments to the north (Goldwyer Formation). In the Middle Ordovician, the sea 
retreated to the northwest, depositing a regressive sequence containing dolomites, 
evaporites and red shales (Carribuddy Formation). Following this regression, erosional 
conditions prevailed until late in the Silurian. This period correlates with uplift and 
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erosion in the Amadeus Basin, termed the Rodingan Movement (Foreman and Wales, 
1981). 
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Figure 6.3: Map showing the major tectonic elements of the onshore Canning Basin 
(adapted from Horstman et al., 1976). 
The Early Devonian in the Canning Basin was marked by the deposition of thick 
dune sands (Tandalgoo Formation), inter-tongued with minor lacustrine and marginal 
marine deposits (Figure 6.4). At this time, a desert environment also prevailed to the east 
in the Amadeus Basin, with deposition of the Mereenie Sandstone (Wells et al., 1970). 
The Tandalgoo Formation was overlain in the Mid-Devonian by sediments marking the 
beginning of a major marine transgression. Initially, red fluviatile conglomerates were 
deposited towards the northwestern margin of the basin, followed by carbonate-platform 
and supra-tidal sediments. This type of sedimentation continued until the Late Devonian 
and was, in many places, accompanied by turbidite accumulations (Foreman and Wales, 
1981). 
In the Latest Devonian, through to the Early Carboniferous, there was an influx 
of terriginous material (Lennard River Group) into the Canning Basin. This detrital input 
which probably reflected uplift around the basin margins, included the carbonates of the 
Piker Hills Formation, as well as sands and siltstones of the Fairfield Group (Playford, 
1976). The Mid-Carboniferous was marked by the regression of the sea, which deposited 
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the Anderson Formation. Following this regression, the Canning Basin underwent a 
period of diastrophism and erosion, which may be correlated with the Alice Springs 
Orogeny in central Australia. During the Late Carboniferous, margins of the Canning 
Basin were occupied by glaciers, which deposited sediments of the Paterson Formation 
to the south and the Grant Formation to the east (Jackson and van de Graaff, 1981). This 
glacial period, which persisted until the Early Permian, comprised two glacial cycles and 
an inter-glacial phase. During this period, the centre of the Canning Basin was still under 
the influence of marine conditions (Foreman and Wales, 1981). 
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Figure 6.4: Generalised stratigraphic section of the onshore Canning Basin showing 
the depositional environments for the different rock units (from Horstman et al., 1976). 
The Early Triassic in the Canning Basin was marked by the deposition of thin 
marine sands and muds in the west of the Fitzroy Sub-basin and deltaic coarse elastics to 
its eastern margin. After the withdrawal of the sea in the Mid Triassic, terrestrial elastic 
material was deposited in the Fitzroy Sub-basin by a system of braided streams. This 
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phase of deposition continued into the Late Triassic or Early Jurassic, when it was 
brought to a close by uplift and faulting associated with the Fitzroy Movement. Lower 
and Middle Jurassic sediments (Alexander Formation) were deposited in a deltaic 
environment which moved eastwards to cover a large area of the Canning Basin in the 
Late Jurassic. 
Lower Cretaceous deposition in the Canning Basin was influenced by at least 
three cycles of transgression and regression. During the initial limited transgression, 
deltas pro-graded into the basin, depositing the sands and minor silts of the Broome 
Sandstone (Veevers and Wells, 1961). The second and major transgression which 
occurred in the Aptian, extended through the Canning Basin into the northern part of the 
Officer Basin, depositing the thin shales and clay of the Bejah Claystone sequence. 
During the Albian, the third and final transgression covered only the off-shore Canning 
Basin, before final withdrawal of the sea to the west in the Mid-Cretaceous. 
The Early Tertiary in the southeast Canning Basin is marked by the Lampe Beds, 
which are considered by Lowry et al. (1972) to have been deposited by southerly flowing 
river systems. These large river systems, along with widespread laterite weathering 
profiles, indicate a warm, humid climate existed in the area during the Early Tertiary. 
This climate became drier during the late Miocene and the river systems ceased to flow, 
evaporating to a series of salt-lake chains. With this increasing aridity, sand dunes 
developed between the late Pleistocene and Holocene. These sand dunes are underlain by 
Tertiary lateritic weathering profiles and in many cases are thought to be derived from 
the re-distributed A-horizon of these profiles (Veevers and Wells, 1961). 
6.4.2. The Paterson Province 
The western margin of the Gibson Desert is underlain by sediments of the 
Paterson Province in the north, the Bangemall and Savory Basins in the central region, 
and by the Yilgarn Block in the south. The stratigraphy of the Yilgarn Block has 
previously been described in Chapter 3.4.1 .. 
The Paterson Province covers an area of 131,000 km2 and consists mainly of 
Proterozoic metamorphic and igneous rocks. The oldest rock unit in the province is the 
Early to Middle Proterozoic basement granite gneiss assemblage (Rudall Metamorphic 
Complex), which is overlain by the fluviatile to marine sediments of the Late Proterozoic 
Yeneena Group (McNaughton and Goellnicht, 1990). The Yeneena Group has been 
affected by low-grade metamorphism. The surficial exposure in the Paterson Province is 
made up of two Middle Proterozoic-aged sedimentary formations, the Bocrabee 
Sandstone and the Googhenama Conglomerate (de la Hunty, 1963). 
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6.4.3. The Bangemall Basin 
The Bangemall Basin covers an area of 87 ,000 km2 to the north of the Yilgam 
Block. The basin consists mainly of the Middle Proterozoic Bangemall Group, a thick 
series of dolomite sandstone, greywacke, shale, chert, some acid volcanic rocks, 
conglomerate and breccia (Daniels, 1975a). The Bangemall Group has been divided into 
six sub-groups or units and one major formation (Chuck, 1984; Muhling and Brakel, 
1985; Williams, 1990). The lowest unit of the Bangemall Group is the Irregully 
Formation, which consists of a sequence of dolomite, chert and cross-bedded sandstones 
(Muhling and Brakel, 1985). From the shape of fragments in the Irregully Formation, 
Daniels ( 1965) suggested that the material was not transported very far from its source 
and was probably deposited as the result of tidal action. Overlying the Irregully 
Formation are the current-bedded sandstones and shales of the Kiangi Creek Formation 
which are themselves overlain by three horizons containing thin-bedded cherts, dolomites 
and mudstones. The uppermost of these mudstones, the Ullawarra Formation, shows 
directional sedimentary structures indicating a source direction from the southeast 
(Daniels, 1966b). The upper four units of the Bangemall Group are composed of inter-
bedded shale and sandstone units. Palaeocurrent measurements in the second of these 
units, the Coodardoo Sandstone, indicate a deposition in turbidity currents flowing from 
the northwest or north (Daniels, 1966a). 
After deposition of the Bangemall Group, the Bangemall Basin appears to have 
stabilised, except for a later period of activity in which its sediments were intensely 
folded and deformed (Daniels, 1975a). The Bangemall Basin has been intruded by large 
volumes of basaltic magmas, occurring mainly as sills but also as dykes (Muhling and 
Brake!, 1985). Rare small altered rhyolite domes have also been found in equivalents of 
the Kiangi Creek Formation (Gee et al., 1976). 
The southeastern Bangemall Basin is unconformably overlain by sedimentary 
rocks of the Proterozoic Savory Basin (Williams, 1987). The Savory Group is the sole 
lithostratigraphic unit of the Savory Basin and comprises predominantly fine-grained 
sandstones and siltstones with minor thin-bedded dolomites. The individual units within 
the Savory Group are believed to have been deposited in near-shore, shallow marine and 
possibly prograde deltaic environments (Williams and Tyler, 1989). 
6.5. CHRONOLOGY 
Very little work has been carried out on the chronology of dune building in the 
Great Sandy and Gibson Deserts. The minimum age of dunes in the Fitzroy River region 
of the Great Sandy Desert is constrained by overlying swamp deposits, which have been 
14C dated at - 8 ka (Jennings, 1975), and 6.4 ka (Wyrwoll et al., 1986). These dunes, 
although underlain by Tertiary ironstones, are suggested by Jennings (1975) to be of 
Pleistocene age. 
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The maximum age of dunes in the area of the former Lake Gregory, northern 
Great Sandy Desert, is constrained by the age of underlying lacustrine molluscs, which 
are believed to date between 25 and 20 ka (Bowler, pers. commun., in Wasson, 1984a). 
6.6. STUDIES OF SAND PROVENANCE 
6.6.1. Munsell colour indices 
A total of 175 samples was taken from dune crests in the Great Sandy and 
Gibson Deserts of northwestern Australia. The Munsell colour indices of these samples 
are shown in Figure 6.5 and tabulated in Appendix I. In general, the dunes are of red 
hue, ranging between 5 YR and 2.5 YR, and have average value and chroma indices of 
3-5 and 6-8 respectively. 
The red colouration of sands in the Great Sandy and Gibson Deserts is not 
unexpected, considering the large number of lateritic weathering profiles both underlying 
dunes and exposed throughout the desert area. Veevers and Wells (1961) believed that 
these profiles, which developed during a pluvial period of the Late Tertiary or 
Pleistocene, have provided much of the material presently in the sand dunes. They 
considered the sand was derived from the erosion of ferruginous sandstones which made 
up the A-horizon of the laterite profiles. The process of erosion in both the A- and B-
horizons of these laterite profiles would have released iron oxides and clay material into 
the sedimentary system, which may then have collected in depressions on the surfaces of 
sand grains, giving them their characteristic red (2.5 YR) hue. 
The variations in hue observed from dunes across the Great Sandy and Gibson 
Deserts (Figure 6.5) are attributed to local surficial features rather than to regional 
trends. It is believed here, that changes to lighter dune hue (5 YR) occur adjacent to 
areas of either past or present fluvial activity. In the main sampling transect from 
southwest to northeast across the deserts (Figure 6.1), three regions of lighter coloured 
dunes were observed. The first region lies to the southwest end of the transect, in an area 
of small disorganised drainage channels to the north of Wiluna (samples CTJ16, SZ76 
and 77) and also near Lakes Nabberu and Way (CTJ7 and 8, SZ74 and 75). The second, 
in the middle of the transect, is associated with Lakes Disappointment (CTJ29, 30 and 
32, SZ87 and 88), Auld and Winifred (CTJ38 and 39, SZ81 and 82) while the third 
occurs to its northeastern end near Lake Tobin (CTJ52, 53, 55 and 56). In some cases, 
these samples were collected from the present margins of salt lakes, while in others they 
are considered to mark the positions of palaeodrainage channels and past lake shores. 
The lightening effect of fluvial activity on sand hue is thought to result from either the 
partial removal of grain coatings following aqueous transport and/or the addition of 
lighter coloured un-reddened grains. 
A similar lightening of sand hue is seen in dunes along the courses of the current 
Oakover River in the northwest of the Great Sandy Desert and the Fitzroy River to its 
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variations in the Munsell hue and value indices with sample location. Both sample locations and 
Munsell Colour Indices are tabulated in Appendix I. 
Figure 6.6: Map of the Great Sandy and Gibson Deserts and surrounding areas showing the 
locations of samples analysed for their grainsize parameters. Numbers in this figure refer: to the 
samples and grainsize parameters tabulated in Appendix II. 
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north (Figure 6.5). A pale dune hue of 7 .5 YR in samples SZ68 and 69 may be related to 
their positions adjacent to tributaries of the Oakover River. This river system is still 
active and may be contributing fresh unreddened sediment to the sand dunes. 
From studies of Munsell colour indices carried out on sands from the Great 
Sandy and Gibson Deserts, it is suggested that the changes observed in dune colouration 
are related to local factors (mainly the presence of past or present fluvial activity) and not 
to regional variations in the underlying bedrock. This bedrock, which consists of 
weathered laterite profiles, is however considered as the most likely intermediate source 
of the sand material and of the iron oxides found in grain coatings. Munsell colour 
indices can be used in this case to provide evidence for the intermediate source of sands, 
but give no indication of their protosource region. 
6.6.2. Grainsize parameters 
Figure 6.6 shows the site locations of 35 sand samples collected from dune crests 
across the Great Sandy and Gibson Deserts, and the regional trends in their grainsize 
parameters. The raw data for the grainsize parameters of individual samples is presented 
in Appendix II, and is summarised in Table 6.1. In general, the grainsize parameters of 
samples are found to be remarkably consistent across the majority of the study area. 
Sands from both the Great Sandy and Gibson Deserts are characteristically medium to 
fine-grained, moderately well-sorted and very positively skewed. 
Great Sandy Gibson Desert western Great Victoria 
Desert (n = 24} (n = 20) Desert (n = 15) 
Mean (Mz) 2.09 ± 0.34 <I> 1.99 ± 0.21 <I> 1.89 ± 0.24 <I> 
235±112 µm 252±74µm 270±90µm 
Range (Mz) 1.53 - 2.68 <I> 1.51 - 2.43 <I> 1.52 - 2.15 <I> 
156- 346 µm 186- 351 µm 225 - 349 µm 
Sorting ( cr1) 0.58 ± 0.10 <I> 0.55 ± 0.09 <I> 0.52 ± 0.08 <I> 
Range (cr1) 0.40 - 0.76 <I> 0.35 - 0.72 <I> 0.38 - 0.72 <I> 
Skewness (Sk1) 0.60 ± 0.43 <I> 0.98 ± 0.42 <I> 0.76 ± 0.26 <I> 
Range (Sk1) -0.28 - 1.87 <I> . 0.17 - 1.77 ~ 0.31 - 1.64 ~ 
Table 6.1: Grainsize parameters from sands of the Great Sandy and Gibson Deserts 
(Errors quoted at 1 standard error level). 
The observed consistency in grainsize parameters is retained after separation of 
the samples into groups on the basis of their underlying geology. It can be seen from 
Table 6.2, that sands underlain by the BangemalVSavory, southern Canning and Officer 
Basins and the Paterson Province, all have similar grainsize parameters. The only 
significant variation in these parameters is observed between samples from the northern 
and centraVsouthern Canning Basin. Samples to the north of the basin are 
GREAT SANDY AND GIBSON DESERTS 102 
characteristically finer-grained and have a less skewed grainsize distribution than do 
those from further to the south (Table 6.2). 
Mean (Mz) 
Range (Mz) 
Sorting ( cr1) 
Range (cr1) 
Skewness (Sk1) 
Range (Sk1) 
Bangemall 
Basin (n = 6) 
2.04 ± 0.19 <I> 
240±62µm 
1.76 - 2.28 <I> 
206- 295 µm 
0.51 ± 0.09 <I> 
0.35 - 0.62 <I> 
1.05 ± 0.53 <I> 
0.20 - 1.77 <I> 
Officer Basin 
(n= 14) 
1.94 ± 0.22 <I> 
261±80 µm 
1.51 - 2.43 <I> 
186- 351 µm 
0.58 ± 0.09 <I> 
0.44 - 0. 72 <I> 
0.91 ± 0.30 <I> 
0.17 - 1.53 <I> 
Canning Basin 
north (n = 7) 
2.49 ± 0.15 <I> 
178 ± 37 µm 
2.27 - 2.68 <I> 
156- 207 µm 
0.67 ± 0.06 <I> 
0.59 - 0.76 <I> 
0.15 ± 0.25 <I> 
-0.28 - 0.67 <I> 
Canning Basin 
south (n = 11) 
1.98 ± 0.25 <I> 
253 ± 88 µm 
1.53 - 2.59 <I> 
166- 346 µm 
0.52 ± 0.07 <I> 
0.40 - 0.64 <I> 
0.84 ± 0.56 <I> 
0.04 - 1.87 <I> 
Table 6.2: Grainsize parameters of sands from structural zones within the Great 
Sandy and Gibson Deserts (Errors quoted at 1 standard error level). 
The consistency in the grainsize parameters of sands from the majority of the 
Great Sandy and Gibson Deserts can be interpreted in two ways. Either, sands were 
derived from one or more source areas all with roughly consistent grainsize values, or 
sands of many different initial grainsizes have become homogenised during transportation 
into and around the basin. Although it is difficult to differentiate between these two 
possibilities on the basis of grainsize alone, it is believed that, given the complex 
sedimentary history of the Canning and Officer Basins (see Chapters 3.4.2 and 6.4.1), 
grains would probably have undergone considerable re-cycling, thereby making the 
second mechanism more likely. 
The differences observed in grainsize parameters between samples from the 
northern Great Sandy Desert and those from further to the south, may be related to 
either the derivation of sand from different source regions, or to its· deposition under 
different environmental conditions. Brunnschweiler (1957) suggested that the dunes in 
the north of the Great Sandy Desert, were remnants of an early Pleistocene assemblage 
deposited under different climatic conditions than those of today. In contrast to this, 
dunes in the southern Great Sandy Desert are generally accepted to be younger Holocene 
features formed in response to climatic conditions similar to those of today (Jennings, 
1975). These differences in both the age of dunes and the climatic conditions active at 
the time of their formation may be reflected in the variations in grainsize parameters from 
the two areas. This however does not eliminate the possibility that the observed 
variations are due to the derivation of sand from different protosource/source areas but 
suggests that other factors may also be involved. 
Comparison between the grainsize parameters of sands from the Gibson and 
western Great Victoria Deserts shows them to be similar (Table 6.1). Given that both of 
these areas are underlain by sediments of the Officer Basin, this similarity indicates that 
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their sands were derived from the same source rocks and/or under analogous 
depositional environments. Conversely, the variations observed between grainsize 
parameters of samples from the Gibson and centraVeastern Great Victoria Deserts 
indicate that fundamental differences exist in either the source regions or depositional 
environments for sands in these two areas. 
6.6.3. Heavy mineral assemblages 
Heavy minerals are found to make up, on average, < 1 % of the total bulk sand in 
samples from across the Great Sandy and Gibson Deserts. Studies of the different heavy 
mineral species present in 23 sand samples indicate that while the primary mineralogy of 
samples remains relatively constant across the deserts, there are subtle changes in the 
relative percentage of mineral species depending on sample location. In general, the 
heavy mineral assemblage of sand from the Great Sandy and Gibson Deserts is 
dominated by large quantities of hematite, zircon, tourmaline and rutile, with lesser 
amounts of andalusite, ilmenite, hornblende and sillimanite. Minor amounts of garnet, 
staurolite, goethite, anatase and epidote are found in some samples. The presence and 
relative amounts of the different mineral species in each sample are tabulated in Table 6.3 
and the sample locations shown in Figure 6. 7. 
The most obvious variations in the heavy mineral composition of sands occur 
between samples from the far northern edge of the Great Sandy Desert and those from 
further to the south. The characteristic heavy mineral assemblage from the far north of 
the Great Sandy Desert displays a wide variety of species, dominated by zircon, 
tourmaline and rutile, but also containing many other minerals such as hornblende, 
ilmenite and andalusite. By comparison, samples taken from further south in the central 
Great Sandy Desert and Gibson Desert have a smaller variety of heavy mineral species 
composed almost entirely of large amounts of hematite, tourmaline and zircon and 
significant rutile, goethite and kaolinite. Other mineral species such as andalusite, 
sillimanite, garnet and hornblende, if present in these samples, are found in only very 
minor amounts. 
The differences observed between these two areas may relate to the material from 
which the sand was most recently derived and to the prior sedimentary history of this 
material. Sands towards the centre of the Great Sandy Desert and those from the Gibson 
Desert are underlain by the sedimentary rocks of the Canning and Officer Basins 
respectively. Veevers and Wells (1961) suggested that these sedimentary rocks, and in 
particular, Tertiary lateritic profiles were the source of much of the sand presently in the 
deserts (see Chapter 6.6.1). This hypothesis is supported by the heavy mineral 
assemblage data obtained in this study. Mineral species such as hematite, goethite and 
kaolinite, which are abundant in samples from the central Great Sandy and Gibson 
Deserts, are commonly found associated with lateritic weathering profiles. This 
Paterson Great Sandy Great Sandy Desert Musgrave 
!Gibson Desert I Province Desert South North Block 
I ·-I·~-1 s c c c c c B B B B B c s s s s z s c B s c T T s s s s T T T J J J J J T K z z z z z s J z T J J z z z z J J J 1 1 1 1 1 J w 1 1 1 1 1 9 2 8 7 J 1 2 7 7 8 8 4 5 6 0 1 1 1 2 8 2 0 0 1 1 0 3 3 0 5 8 6 6 0 1 5 2 8 8 8 3 1 5 6 3 0 5 9 4 5 0 
I Figure Ref. I A B c D E F G .H I J K L M N 0 p Q R s T u v w x y z 
Mineral Name· 
IAnatase m- m- m-
IAndalusite m- m- * m- m- m- * m- m m- * m- m m-
IEEidote m- m m- * * m- * m 
!Gamet m- * * m- m- m- * * m m m-
!Goethite m m- m- m m+ m+ m m- m m- * m- * m m m 
!Hematite Im+ M M M M M M M M m M M M M m+ m m+ m m m- m m+ M m+ m- m 
!Hornblende I m * m- m- m+ m- * m- m+ m m- m- m- * m m m 
lnmenite IM m m- m m- m- m- * m m+ * m m- m m+ M m M 
lnmeno-rutile I m- m-
!Kaolinite m- m m m+ m- m m- m- m- m m- m- m m- m- * m- m-
!Magnetite m m+ 
IMonazite 
!Muscovite m m 
IPseudorutile * * * * m- m-
IRutile m m- m- m- m+ m m+ m- m- m- m+ m+ M m+ m+ m+ m+ M m m+ m+ m-
lsnlimanite m m- m- * m- * m- * 
ls2hene * m- * m 
lstaurolite * m- * m- m- * m- m 
IT02az * m- * m- m m * 
!Tourmaline I m- m- m- m- m m- m+ m+ m- m- m+ m- m- m+ m+ m+ m+ m+ m+ m+ M m+ m+ m m+ m+ 
ITremolite I m+ 
!zircon Im+ m+ m+ m+ m+ m M m- m+ m M M m+ M M M m+ m m+ m+ M m+ 
Table 6.3: Heavy mineral assemblages of sands from the Great Sandy and Gibson Deserts and adjacent areas. # : Note that although kaolinite 
M=Abundant 
m+ = Significant 
m= Present 
m-=Minor 
*=Trace 
is not a heavy mineral (density< 2.96 gm/cm3) it is commonly found associated with secondary weathering minerals such as hematite (Mcfarlane, 1983). 
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Figure 6. 7: Map of the Great Sandy and Gibson Deserts and surrounding areas showing the 
locations of samples analysed for their heavy mineral assemblages. Alphabetic codes in this figure 
refer to Table 6.3. 
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Figure 6.8: Map of the Great Sandy and Gibson Deserts and surrounding areas showing 
' \ 
variations in oxygen-isotope values with sample location and underlying geology. Isotopic values 
shown are averages of the individual analysis tabulated in Appendix III. 
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association was demonstrated in studies by McFarlane (1983) who showed that during 
the process of lateritic profile development, primary mineral species such as ilmenite and 
feldspar are altered and broken down into secondary iron and clay-rich minerals 
(hematite, goethite and kaolinite). 
The heavy mineral assemblage of samples from the central Great Sandy and 
Gibson Deserts therefore points to their derivation from weathered laterite profiles in 
which many of the primary minerals have been broken down into secondary iron and 
clay-rich species. The presence of large quantities of zircon, tourmaline and rutile, which 
have previously been classified as ultra-stable species (Pettijohn, 1975), along with the 
absence of other less stable species (eg. hornblende and andalusite), suggests that the 
material from which sand was most recently derived, has undergone considerable re-
cycling in the sedimentary system. 
In contrast to this history of weathering and re-cycling, the characteristic heavy 
mineral assemblage of sands to the far north of the Great Sandy Desert suggests that 
they have undergone very little re-working. In these samples, the presence of a greater 
variety of primary minerals, along with a decreased amount of hematite, goethite and 
kaolinite, suggest that they were not derived from Tertiary lateritic profiles. Brown 
(1959) has suggested that the presence of brown hornblende in samples from the 
northern Great Sandy Desert, indicates their derivation from Cambrian volcanics from 
further to the north. In his work, Brown defined a brown hornblende zone in the region 
of the Gregory Lakes, which he believed to contain material from these volcanics. 
Analysis carried out in the present study, indicates that this zone may extend further to 
the northwest along the Fitzroy River in the far north of the Great Sandy Desert. 
In the present study however, no evidence has been found to support the green 
hornblende and garnet zones also proposed by Brown (1959). 
A general assessment of the heavy mineral assemblages in samples from across 
the Great Sandy and Gibson Deserts allows the following conclusions on the protosource 
areas for sands in the region. The presence of small amounts of andalusite, sillimanite and 
staurolite in samples, indicates that at least some of the sand material was originally 
derived from metamorphic rocks, while ilmenite and rutile suggest a basic igneous 
source. Both of these rock types are found in the central Australian Musgrave and 
Arunta Blocks to the east of the region, the King Leopold Mobile Zone to the north and 
the Paterson Province and the Yilgarn Block to the west. 
The information obtained from heavy mineral studies suggests that much of the 
sand in the central Great Sandy and Gibson Deserts was most recently derived from the 
re-working of the underlying Tertiary laterites of the Canning and Officer Basins. These 
sands record little information of their original protosource areas. In contrast to this, 
sands to the far north of the Great Sandy Desert are believed to have undergone less 
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weathering and re-cycling and therefore contain heavy mineral assemblages more 
characteristic of their protosource areas. 
6.6.4. Oxygen-isotope studies 
The oxygen-isotope values of quartz separated from 25 sand samples taken from 
across the Great Sandy and Gibson Deserts were analysed following the procedures 
outlined in Chapter 2. The results of these analyses, which consist of 11 samples from the 
Great Sandy Desert and 8 from the Gibson Desert, are tabulated Table 6.4 and plotted 
against sample location in Figure 6.8. Overlying the oxygen-isotope values in this figure 
are the outlines of the Canning, Officer and Bangemall Basins, the Paterson Province and 
the Yilgarn and Pilbara Blocks. 
Sample Area 
Great Sandy Desert -
Canning Basin (n = 11) (1) 
Gibson Desert - Officer I 
Bangemall Basins (n = 8) (1) 
Paterson Province (n = 2) (1) 
Yilgarn Block (1) 
Yilgarn Block (2) 
(Wilson, 1981) 
Musgrave Block (n = 4) (1) 
Musgrave Block (3) 
(Wilson et al., 1970) 
Mean Bl8Q 
%o(SMOW) 
11.2 ± 0.6 
10.3 ± 0.5 
9.2 ±0.9 
8.9 ± 0.3 
7.9 ±0.8 
7.9 ± 0.5 
7.7 ± 0.9 
9.3, 9.2, 7.6 
Range Bl8Q 
%o(SMOW) 
9.7 - 12.5 
9.3 - 12.2 
8.4 - 10.3 
8.7 - 9.3 
6.8 - 8.5 
Table 6.4: Oxygen-isotopic values of sands from the Great Sandy and Gibson 
Deserts and surrounding areas : (Cl) quartz separate from dune sample, (2) whole-rock 
sample, (3) quartz separate from parent rock). (Errors quoted at 1 standard error level). 
It is apparent from Figure 6.8 that the oxygen-isotope values of sand taken from 
areas directly overlying basement terrains are significantly lower than those overlying the 
sedimentary basins. This isotopic difference is clearly seen between samples from the 
Canning Basin and the adjacent Paterson Province, and between the Officer/Bangemall 
Basins and the Yilgarn Block. Samples underlain by sedimentary basins show oxygen-
isotope values in the range of 10 - 12%0, with mean values from dunes in the·Canning 
and Officer/Bangemall Basins being 11.2 ± 0.6o/oo and 10.3 ± 0.5%o respectively. In 
comparison to this, samples taken from dunes in basement areas show oxygen-isotope 
values in the range of 8 - 10%0, with mean values of 8.9 ± 0.3o/oo and 9.2 ± 0.9%0 from 
sands overlying the Yilgarn Block and Paterson Province respectively (Table 6.4). 
Within the Canning and Officer Basins however, occasional samples do not 
follow the trend of characteristically high B18o values in sands overlying sedimentary 
basins. Samples BJ123 and SZ81 to the north and south of the Canning Basin, and also 
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LWl 8 and CS 17 to the west of the Officer Basin, display oxygen-isotope values that are 
more characteristic of samples from basement areas. However, the positions of these 
samples are seen to be adjacent to basement areas and therefore it is suggested that the 
observed isotopic signatures may be those of basement material which has been 
transported into the margins of the sedimentary basins without being mixed with 
sediments from other areas. 
The oxygen-isotope values obtained from quartz samples from dunes overlying 
the Yilgarn Block and Paterson Province are consistent with their derivation from either 
metamorphic or igneous rocks (Blatt, 1987). Both of these rock types are commonly 
found in the underlying basement areas, indicating that the sand most probably represents 
residual deposits formed from in-situ weathering and erosion. The results obtained from 
the Yilgarn Block are comparable with the whole-rock ()18Q analysis of Wilson (1981) as 
discussed in Chapter 3.5.4. 
The source of the sedimentary material from which the dunes overlying the 
Canning and Officer Basins were derived, is more difficult to determine using the results 
of oxygen isotope studies. The differences observed between the ()18Q values of quartz 
in sands from these basins and that from the basement areas studied here, suggests that 
the source of the sedimentary material cannot be directly attributed to basement erosion. 
This difference implies that either sediment has been transported into the basin from 
other basement areas which have higher ()18Q values than those in this study, or that 
secondary low-temperature high ()18Q quartz is being added to the system. 
Other possible basement areas in the region of the Great Sandy and Gibson 
Desert include the King Leopold Mobile Zone to the north and the central Australian 
Arunta and Musgrave Blocks to the east. The oxygen-isotope values of granulites and 
related intrusive rocks from the Musgrave Block has been previously examined by 
Wilson et al. (1970). In their study, ()18Q values of between 7.6 and 9.3o/oo were obtained 
on quartz separates from granulites (9.3%o), granites (9.2%o), and granite pegmatites 
(7.60%0). Again these values are lower than those which were obtained from samples 
underlain by sedimentary basins and do not suggest a direct correlation between the two 
areas. To date, no studies on the oxygen-isotope values of samples from the King 
Leopold Mobile Zone or Arunta Blocks have been carried out. 
The effect of the incorporation of small amounts of sedimentary forms of quartz 
such as chert and authigenic overgrowths into sand samples is to increase their ()18Q 
signature. As has been discussed previously in Chapter 3.5.4, the ()18Q value of 
sedimentary chert samples ranges between 15 and 35%0 (Knauth and Epstein, 1976), 
while those for authigenic quartz overgrowths range from 17.1 - 20.9o/oo (Brint et al., 
1991). The presence of small quantities (< 10% assuming ()18Q of chert = 28%0 and 
8180 of protosource = 8%0) of this low-temperature (high ()18Q) sedimentary quartz in 
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the bulk sand sample would have the effect of raising the observed oISQ signature to its 
present value. 
Within the sedimentary basins themselves the differences observed between the 
oxygen-isotope values of samples underlain by the Canning and Officer/Bangemall 
Basins (11.2 ± 0.6 and 10.3 ± 0.5%o respectively (Table 6.4)), indicate that differences 
exist between either the protosource material for the two areas or in the sedimentary 
histories of their sands. 
6.7. SUMMARY 
Studies of the physical and mineralogical properties of sands from the Great 
Sandy and Gibson Deserts provide evidence of their intermediate source and protosource 
areas. 
The majority of sands in the Great Sandy and Gibson Deserts are underlain by 
sedimentary deposits of the Canning and Officer Basins. The characteristic bright red hue 
(2.5 YR) of these sands along with the presence of hematite, goethite and kaolinite in 
their heavy mineral assemblage, lends support to the previously held hypothesis that they 
were derived from the re-working of underlying basinal sediments and in particular from 
Tertiary laterite profiles. This hypothesis was first proposed by Veevers and Wells 
(1961), who suggested that the numerous lateritic breakaways in the desert area were 
remnants of a more widespread formation from which ferruginous A-horizon sands have 
been eroded to provide material for the sand dunes. It is suggested here that the Tertiary 
laterites represent the intermediate source for much of the sand present in the Great 
Sandy and Gibson Deserts. 
The high percentage of ultra-stable heavy mineral species such as zircon, 
tourmaline and rutile in samples underlain by the Canning and Officer Basins, suggests 
that these sands have undergone significant re-cycling during their sedimentary history. 
This re-cycling has resulted in the breakdown of the majority of the less stable heavy 
mineral species which are in general the most indicative of protosource areas (Morton, 
1985). However the presence of small quantities of andalusite, staurolite and sillimanite 
in the heavy mineral assemblage of most samples examined, indicates that metamorphic 
rocks formed part of their protosource area. The most likely candidates for this 
metamorphic protosource are rocks of the Musgrave Block, the Paterson Province and 
the King Leopold Mobile Zone, which lie in areas adjacent to the basins. The oxygen-
isotope value of sands overlying the Canning and Officer Basins are however 
characteristically higher than those of dunes which overlie the Musgrave Block and 
\ 
Paterson Province. This difference suggests that either desert sands were not entirely 
derived from material eroded from these basement areas, or that the o18Q signatures of 
these areas have been overprinted by small amounts of low-temperature (high oISQ) 
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sedimentary forms of quartz. This sedimentary quartz may be present in the form of chert 
or as authigenically formed overgrowths. 
The similarity observed between the oxygen-isotope values and the grainsize 
parameters of sands from the Gibson and western Great Victoria Desert, indicates that 
these two areas, both of which are underlain by the western Officer Basin, may have been 
derived from similar protosource regions, or deposited under similar conditions. In 
comparison to this, variations in the oxygen-isotope values of samples underlain by the 
Canning and Officer/Bangemall Basins, suggests that sands in these two areas may have 
been derived from different protosource regions or under different depositional 
conditions. 
In summary therefore, the physical and mineralogical characteristics of samples 
underlain by the Canning and Officer/Bangemall Basins indicate that, while sands from 
these two regions were most recently eroded from similar intermediate sources (basin~ 
wide Tertiary laterites), they were probably derived from different protosource areas. 
In the far north of the Great Sandy Desert, sands display physical and 
mineralogical features different from those which are characteristic of the Great Sandy 
Desert as a whole. In general, sands from the far north of the Great Sandy Desert are 
characterised by their comparatively finer (higher <j>) mean grainsizes and their less 
skewed nature. Differences are also observed in the heavy mineral assemblages of 
samples from the two regions. Those from the far northern Great Sandy Desert contain 
significant amounts of hornblende and ilmenite, and in contrast to those from the central 
and southern desert region, show very little hematite and goethite. These differences in 
the mineralogy of samples suggest that the source rocks for sand in the far north of the 
Great Sandy Desert have undergone less sedimentary re-cycling than has been 
experienced by the source rocks for dunes further to the south. 
Differences between dunes from the far north and south of the Great Sandy 
Desert have been noted previously by Brunnschweiler (1957) in their study of dune 
morphology. On the basis of the results obtained in this study and in that of 
Brunnschweiler (1957), it is suggested that sands from the far north of the Great Sandy 
Desert were most recently derived from different sources and under different 
environmental conditions than were those from further to the south. It is difficult 
however, on the basis of the evidence available, to determine whether or not the 
protosource for the two areas is the same. 
The characterisation of sands from the Great Sandy and Gibson Desert in terms 
of their physical and chemical parameters has distinguished the presence of at least three 
distinct sand bodies within the region. The first lies to the far north of the Great Sandy 
Desert and contains sands derived from different sources and under different 
environmental conditions than were those from further to the south. The second and 
third bodies are underlain by sediments of the Canning and Officer/Bangemall Basins 
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respectively and are suggested to have been eroded from similar intermediate source 
regions (Tertiary laterite profiles). However, on the basis of differences in oxygen-
isotope values it is considered that these two bodies were initially derived from different 
protosource regions or under different depositional conditions. 
SECTION TWO 
PROTOSOURCES AND SEDIMENT ARY HISTORY 
i am dry 
i am as dry 
as the next morning mouth 
of a dissipated desert 
as dry as the hoofs 
of the camels of timbuctoo 
little fussy face 
i am as dry as the heart 
of a sandstorm 
at high noon in hell 
i have been lying here 
and there 
for four thousand years 
with silicon in my esophagus 
and gravel in my gizzard 
thinking 
thinking 
thinking 
of beer 
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Don Marquis (1958) 
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CHAPTER 7 - U-Pb DATING OF DUNE SANDS 
7.1. INTRODUCTION 
As discussed in previous chapters, the determination of provenance or 
protosource region for a sedimentary deposit is a complex problem. U-Pb dating of 
single zircon grains separated from the sands of the Australian Continental Dunefield 
provides the first truly direct method for "fingerprinting" their protosource regions. 
The use of U-Pb dating in sedimentary provenance determination has previously 
been investigated in work by Grauert et al. (1973), Gebauer and Griinenfelder, (1977) 
and Gaudette et al. (1981). These studies however were carried out using conventional 
U-Pb techniques on bulk zircon samples and thus gave only the average age of a number 
of grains. This restricted the application of the technique to areas where all grains were 
believed to come from a single provenance region, or to zircon populations which could 
be separated on the basis of their morphology. In more recent studies the use of the 
SHRIMP Ion Microprobe (eg. Froude et al., 1983; Dodson et al., 1988) has enabled the 
age of single grains to be determined and thus the population assemblages of more 
complex sedimentary systems to be assessed. 
The theoretical basis behind this technique involves the measurement of U-Pb 
ages from large numbers of single zircon grains separated from individual sediment 
samples. From the combination of these ages, a histogram can be constructed showing 
the different age populations of grains within the overall sample. Comparison of such 
histograms with the known ages of crustal material in the area enables the possible 
protosource regions of the sediment to be determined. 
It is important to note at this stage that the protosource regions for zircon grains 
determined using this technique may not accurately reflect those of the entire sediment 
body. There are several factors which influence the distribution of zircon grains and may 
therefore bias the determination of protosource regions for the overall sediment. 
1) Allowance must be made for differences in the migration pathways of quartz 
(density 2.65 gm cm-3) which makes up 95% of the bulk sediment, and that of zircon 
(density 4.65 gm cm-3). These differences result from the fractionation between minerals 
of different density during sediment transport. This means that a grain of quartz will be 
transported further than a zircon grain of equivalent physical size. Nevertheless, zircon 
transport may still be substantial and will suggest the lower limits of quartz transport. 
2) The percentage abundance of both quartz and zircon varies depending on the 
different rock types present in the protosource region. For example, protosource rocks 
which contain a high percentage of zircon and therefore will be strongly represented in 
the age distribution histogram, may contain only small quantities of quartz and thus are 
not contributing large volumes of material to the overall sediment body. Conversely, 
rocks rich in quartz but containing only small quantities of zircon, may be contributing 
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large volumes of sediment but will be poorly represented in the age histogram. This 
effect is somewhat offset by the fact that silica-rich rocks are generally also rich in zircon 
and vice versa. Easily eroded (or rapidly eroding) rocks will contribute more sedimentary 
material and will therefore be more prominently represented in both the quartz and zircon 
of the sediment body. Examples of such rocks are pre-existing sediments which are more 
susceptible to erosion than areas of newly formed bedrock. Similarly, volcanics which are 
extruded at the surface are more prone to erosion than granites which are intruded at 
depth. 
120° 
20° 
~ Direction of dune elongation 
40° 
Figure 7.1: Locations of samples used in zircon U/Pb age determination studies. 
Shaded area marks the extent of the Australian Continental Dunefield. 
3) Zircons from different protosource regions may be more or less susceptible to 
breakdown during sedimentary transport. It has been observed in previous studies (I. S. 
Williams pers. commun., 1994) that zircon grains containing greater than 500 ppm U are 
uncommon in sedimentary samples. Their absence is believed to result from an increased 
susceptibility to breakdown during transport due to weaknesses in the crystallographic 
structure at U decay sites. A similar process has also been found to discriminate against 
older zircons which have a greater number of U decay sites. This selective breakdown of 
particular types of zircon grains may result in their absence from the age distribution 
histogram, and therefore discriminate against particular protosource regions. 
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In the determination of provenance it is important not only to consider the factors 
which may influence the distribution of zircon grains in a sediment but also the overall 
geological history of the proposed protosource regions. The analysis of age distribution 
histograms in terms of provenance areas should be based on both the presence of 
particular age groups, and also the absence of others. For example, if two generations of 
igneous activity are known to have occurred within a particular region, then a record of 
both would be expected to be found in the distribution histogram of a sediment derived 
from that region. If both are not observed, then other possibilities for the protosource 
region of the sediment must be examined. Similarly, where a significant distance of 
sediment transport is inferred between the protosource region and the present sediment 
reservoir, it would be expected that ages characteristic of other protosources lying along 
this sediment transport path would be found in the distribution histogram. 
The practical application of this technique to the determination of protosource 
regions for sands presently in the Australian Continental Dunefield has involved the 
measurement of the ages of at least 60 zircon grains from each of 17 samples, following 
the methods outlined below in Chapter 7 .2. These samples were selected following the 
preliminary characterisation of sands carried out as described in Chapters 3-6, and 
represent the major sediment groups which are currently exposed in the dunefields. 
Figure 7 .1 shows the locations from which these samples were taken and the results of 
the analyses are presented in Chapters 7.4 - 7. 7 and Appendix IV. Following the ion 
probe analysis of the zircons separated from sand samples, histograms of their inferred 
ages were constructed and compared with the expected U-Pb zircon age distribution 
plots compiled for the major basement areas within Australia. These plots, which were 
drawn from the chronologic data in Appendix V, show the timing of the major zircon-
forming crustal events within individual basement areas and, from the size of peaks, give 
an estimate of the relative importance of these events. Comparison between these plots 
and the experimentally derived histograms of zircon ages from the dunefields allows for 
determination of sand protosource areas and their relative inputs. 
7.2. METHODS 
7.2.1. Zircon sample preparation for U-Pb analysis 
Bulk sand samples weighing - 500 g were first passed through a 500 µm sieve to 
remove coarse grains, then washed to eliminate dust sized material. Zircon grains were 
concentrated using methods based on the differences in the characteristic physical 
properties between zircon and the other minerals in the bulk sample. The high density of 
zircon (4.6 - 4.7 g cm-3) enabled the removal of lighter minerals using heavy (high 
density) liquids. Felsic minerals (quartz, feldspar, muscovite) were therefore separated 
using tetrabromo-ethane (density 2.96 g cm-3), while mafic minerals (biotite, amphibole, 
hornblende) were extracted using methylene iodide (density 3.3 g cm-3). The non-
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magnetic nature and low Fe content of zircon grains was then utilised to purify the 
sample further. Highly magnetic minerals such as magnetite and some species of hematite 
were removed from the heavy fraction using a hand magnet. Minerals of lower magnetic 
susceptibility were then extracted on an isodynamic magnetic separator (settings: current 
= lAmp; angle of tilt = 10°). Zircons were hand picked to > 99% purity, mounted in 
epoxy and then polished in half to expose their centres. Prior to analysis, grains were 
microscopically photographed, carefully washed to remove grease and environmental Pb 
and then gold-coated. 
7.2.2. U-Pb analytical techniques 
U-Pb analyses of zircon separated from sand samples were carried out on the 
RSES SHRIMP I and II ion microprobes. 
In general, at least 60 individual zircon grains were measured from each sample. 
This number of analyses is important in the examination of sedimentary samples where 
individual age components may be present as only a minor percentage of the total 
sample. Using the following formula the analysis of 60 grains (n) can be shown to give a 
95% probability (P) of finding a population present in the sample at the 5% level 
(f)(Dodson et al., 1988). 
p = (1 - f)Il 
U-Th-Pb isotopes were measured by focusing a 3nA o2- primary beam onto an -
30 µm diameter area, and extracting the sputtered positive secondary ions. These 
secondary ions were taken off normal to the sample surface by a 10 kV accelerating 
potential and transferred to the entrance slit of the mass spectrometer by a series of ion 
lenses and steering plates. The SHRIMP includes a double focusing mass spectrometer 
capable of achieving mass resolutions over 10,000. For this study, the resolution was set 
to about 5000. The geometry and function of this mass spectrometer have been 
previously discussed in Compston et al. (1984, 1986). Following mass separation, ions 
were transferred to the collector slit and measured using an electron multiplier. Under 
average working conditions the sensitivity of the SHRIMP I ion microprobe for Pb 
isotopes was typically 15 - 20 counts per second/ppm Pb and SHRIMP II 60 - 90 counts 
per second/ppm Pb. 
During each individual analysis the magnetic field was stepped through a series of 
mass stations from mass 196 (90Zf216Q+) to mass 254 (238uI6Q+). Mass stations at 
204, 206, 207, and 208 for Pb were analysed, as well as the U peak at mass 238 and the 
232Tu 16Q+ peak at mass 248. Background counts arising from scattered ions and 
electron multiplier dark current (typically < 3 counts in 10 seconds) were subtracted 
from all peaks. Further details of the U-Th-Pb analytical procedure using the SHRIMP 
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ion microprobe and the techniques of data reduction have been described in Compston et 
al. (1984, 1986, 1992) and Williams and Claesson (1987). 
Elemental abundances and Pb(Th and Pb/U ratios in the zircons were referenced 
to the standard Sri Lankan zircon SL13 for which replicate isotope dilution analyses 
indicate a concordant age of 572 Ma. Throughout each analytical session, replicate 
determinations of the standard were made in order to determine the standard to sample 
calibration line and to calculate the uncertainty in Pb/U isotope ratios which was 
propagated through to the individual sample measurements. The observed coefficient of 
variation in the Pb/U ratio for the SL13 standard was measured at< 2% in the majority 
of analytical sessions, and in all cases, was < 3.5%. A more realistic estimate for the 
long-term reproducible uncertainty in the Pb/U for this standard by SHRIMP is 2%, and 
this value has been used in those sessions where the observed coefficient of variation was 
< 2%. This percentage variation accounts for analytical errors and for small scale 
inhomogeneity in the standard. The Pb/U and Th/U ratios have been normalised to a 
value of 0.0928 for the 206pbj238U ratio for this standard, which is equivalent to an age 
of 572 Ma. A Th/U discrimination factor of 1.11 TuO+fUQ+ was applied to analytical 
sessions carried out on SHRIMP I, while on SHRIMP II, this factor was determined 
using the following relationship: 
Th/U = K(ThO+fUQ+), where K is the Th/U discrimination factor calculated from 
K = 0.03446(UO/U) + 36.8 
therefore on SHRIMP II, with a UO/U of- 6, K = - 1.07. 
The "unknown" zircon grains were corrected for isobaric interference at mass 
207, resulting from the presence of Pb-hydride (206PbH+). 206PbH+ species in the ion 
spectrum would lead to an overestimation of the 207pbj206pb ages, particularly for 
young zircons. Correction for this interference has been made by reference to the 
standard. 
Corrections for initial or common Pb in the zircons were made in two ways. The 
first was based on the measured 204pbj206pb ratio and an assumed initial Pb 
composition. For zircon populations which were low in common Pb (204Pb < 2 cps), the 
chosen composition was that of Broken Hill ore (204Pbf206pb = 0.0625; 207pbj206pb = 
0.9618; 208pbf206pb = 2.2285). For populations with higher common Pb, the chosen 
composition was that of average crustal Pb at the estimated time of zircon growth, 
calculated using the Cumming and Richards (1975) model III growth curve. This method 
of common Pb calculation is however, subject to large statistical fluctuations due to the 
very low contents of 204pb found in clean zircons (generally<< 30 ppb). A second less 
direct method of common Pb correction involved the calculation of the non-radiogenic 
208pb by comparing the measured 208pbj206pb ratio with the radiogenic 208pbf206Pb 
expected from the measured Th/U ratios and the estimated sample age. Generally 
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however, this is the less favoured method, as its validity rests on the assumption that 
there has been no relative movement of U and Th in the zircon. It is thought that this 
assumption is invalid in many zircon grains (Williams and Claesson, 1987), particularly 
those with a complex history. 
In the calculation of 207pbj206Pb and 238uj206pb ages for individual zircon 
grains, an amount of common Pb as determined by one of the two methods described 
above, was subtracted from the total Pb to give its radiogenic Pb component. Each 
sample analysis thereby has an individual 207pbj206pb and 238uj206Pb ion ratio from 
which an age can be calculated. Depending on the method by which common Pb was 
calculated, these ages are termed as either 204Pbcorrected or 208pbcorrected· An alternative 
method which can be used to determine the radiogenic 238uj206pb age is described in 
Compston et al., (1992). In this method, instead of subtracting common Pb from each 
analysis according to its individual 204pb or 208pb contents, the regression of the total 
207pbj206pb and 238uj206pb for all data gives an estimate of age (207pbcorrected) without 
the explicit calculation of common Pb in each analysis. This method however, can only 
be used for a population of zircons of similar age. 
In contrast to the majority of analyses carried out on the SHRIMP ion 
microprobe, age determinations in this study are based on 3-scan data, rather than the 
usual 5 or 7-scan data. As discussed earlier in this section, the number of scans refers to 
the number of cycles through a series of mass stations from mass 196 (90Zf216Q+) to 
mass 254 (238uI6Q+). This modification of procedure was necessary because of the 
large number of analyses required for sedimentary provenance determination. There are 
however, several drawbacks with using 3-scan data, which are chiefly related to a 
reduction in the accuracy and precision of the age determination. Using a reduced 
number of scans results in age determinations being more susceptible to inhomogeneities 
in the zircon crystals. While it is more difficult to correct for such inhomogeneities using 
3-scan data than 5 or 7-scan studies, it is still possible, although accuracy and precision 
of the age determination may be slightly reduced. 
The results of U-Th-Pb analysis of "unknown" zircons are plotted on concordia 
diagrams, with error polygons at the one standard error level. Similarly, the data for 
individual grain analyses tabulated in Appendix IV are given with uncertainties at this 
level. 
7 .2.3. Calculation of interpreted age histograms 
Following data reduction using the techniques outlined in Chapter 7 .2.2, an 
assessment was made of the analysis of each individual grain and an age assigned to that 
grain. In the determination of this interpreted age, the following conventions were 
employed. 
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1) if the 207pb 206pbJ238u age was> 1500 Ma, then the 204pb 207/206pb corr. corr. 
age was used. 
2) if the 207pbcorr. 206pbj238U age was< 1500 Ma, then this age was used. 
The only exceptions to these general rules were grains in which the 204pbcorr. 
207/206pb and 206pbj238u ages were significantly different from each other at the 95% 
confidence level (ie. the analysis was significantly discordant). In these cases, which 
constitute less than 10% of the total number of analyses, the 204pbcorr. 207/206pb age 
was used. 
From these interpreted grain ages and their errors (tabulated in Appendix IV), 
interpreted age histograms were plotted for each sample. These histograms were 
constructed with the following guidelines: 
1) it was assumed that each individual analysis is Gaussian in its probability 
distribution with respect to the interpreted age and its standard error. 
2) each individual Gaussian distribution enclosed the same area on the 
histogram. That is, a sample with a large error occupied a low and broad peak, 
while one with a small error formed a tall sharp peak. 
3) the interpreted age histograms were then the summation of each of these 
individual Gaussian distributions. 
The effect of this construction procedure on the shape of interpreted histograms 
. was that peak heights did not just reflect the number of grains of that a~e range, but 
instead, the aggregate probability of zircon of this age being present. Plotting histograms 
in this way was considered to give a more realistic picture of the age distribution of an 
individual sample than the more conventional histograms, which are based entirely on the 
interpreted age determinations and do not take into account the errors in these values. 
7.2.4. Age determination in multi-component data sets 
Observation of interpreted age distribution histograms from all samples analysed 
indicates that they are made up of mixtures of multiple components. In many cases these 
components lie in similar age ranges and therefore generate overlapping peaks. Although 
it is possible, in some instances, to visually make an estimate of the relative ages of the 
overlapping peaks, in others it is almost impossible. Therefore, in an attempt to 
deconvolve these peaks into realistic estimates of their most likely ages and relative 
proportions, the "Mix Programme" described in Sambridge and Compston (in press) was 
used. This programme is based on the techniques of finite mixture modeling described in 
McLachlan and Basford (1987) and was first applied to geologic data by Galbraith 
(1988) and Galbraith and Green (1990). Sambridge and Compston (in press) use these 
techniques to determine what they term a maximum likelihood solution for the age, error 
and relative proportion of peaks within a given set of analytical data, assuming a certain 
number of peaks are present. Built into the programme are functions which enable the 
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assumed error distributions about the mean to be varied from those which assume a 
Gaussian distribution, to others which are more robust in the handling of experimental 
outliers. In essence, the programme takes a given set of ages, the errors in these ages and 
an estimate of the number of peaks present in an age range, and iteratively assesses a 
large number of different solutions before arriving at the one with the maximum 
likelihood. 
In the current study, the "Mix Programme" of Sambridge and Compston (in 
press) was used when it was apparent from the interpreted age histograms that there 
were overlapping peaks present. To estimate the number of peaks initially entered into 
the programme, a visual assessment was made of the absolute minimum of peaks present. 
From this point, the number of peaks entered was sequentially increased until the 
programme indicated a recurrent or duplicated solution. In the use of any statistical 
technique, it is important that the available dataset is not over interprepted and therefore 
solutions from the "Mix Programme" were not used unless there were at least three 
grains in the interpreted peak. 
The results obtained following the use of this programme are presented as data 
tables in Chapters 7.4 - 7. 7. The uncertainties given in the age calculations in these 
tables, and used in the plotting of interpreted age histograms, are at the 95% confidence 
level. 
7.3. GEOCHRONOLOGY OF AUSTRALIAN BASEMENT TERRAINS 
It is of vital importance to the determination of sand provenance to fully 
understand both the chronologic and tectonic development of the possible protosource 
areas within the Australian Craton. 
This section in conjunction with Appendix V aims therefore to introduce briefly, 
the three main crustal zones of Australia and to discuss them in terms of the geologic and 
tectonic evolution of their individual basement areas. Special reference will be made to 
evidence of major periods of transport from these areas into the surrounding sedimentary 
basins. Following the geochronology of each basement area, which is summarised in 
Appendix V, a plot showing its expected U-Pb zircon age distribution histogram 
illustrates the timing of the major crustal events within the basement and gives an 
estimate of the relative amount of zircon contributed by each of these events. The plots 
therefore may be considered as the zircon fingerprints for each of the different terrains. 
In the construction of these plots, only U-Pb and Pb-Pb zircon ages were considered, as 
these methods form the basis of this study. The plots therefore do not record the entire 
geochronolgic and tectonic development of the basement areas as many low pressure and 
temperature events are not observed in the zircon age records. 
Within many basement areas, inherited zircons are found both in large 
sedimentary units, and as cores in grains grown during younger crustal events. Where 
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possible, this inheritance is shown in expected U-Pb zircon age distribution histograms 
and indications given of its relative importance. 
Australia can be divided into three regions which reflect the crustal development 
of the continent. These crustal zones are largely of Archaean age in the west, Proterozoic 
age in the centre and Phanerozoic age in the east. Sedimentary basins of both 
Precambrian and Phanerozoic age overlie and lie between these cratons. A summary of 
the geochronologic development of the major Australian crustal zones and their uplift 
and depositional histories is presented in Appendix V. The generalised geological 
structure of Austraiia and the positions of the major crustal zones and sedimentary basins 
are shown in Figure 7 .2 and 7 .3, while their times of metamorphism are presented in 
Figure 7.4. 
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Figure 7.2: Map of Australia showing the major cratonic regions and individual 
basement areas. The diagonal divisions in some legend boxes denote mostly outcrop 
(upper triangle) versus mostly subcrop (lower triangle). Figure adapted from Drexel et 
al., 1993. 
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Figure 7.3: Map of Australia showing the major sedimentary basins. 
7.3.1. The Western Craton 
122 
The Western Craton of Australia or Western Shield (Gee, 1980), is made up of 
the Archaean Pilbara and Yilgarn Blocks, and the Proterozoic Paterson and Albany-
Fraser Provinces. 
The expected U-Pb zircon age distribution histograms of these four areas are 
shown in Figures 7.5 - 7.8. The construction of these histograms has been greatly 
assisted by discussions with Drs. A. P. Nutman, I. S. Williams, D. R. Nelson and L. P. 
Black. 
7.3.2. Central Australian Craton 
The Central Australian Craton can be divided into a northern and a southern 
zone. The northern zone is made up of the Early Proterozoic Arunta, Tennant Creek, 
Mt. Isa, Halls Creek and Granites-Tanami Inliers, as well as the Mid to Late Proterozoic 
Musgrave Block, while the southern zone is comprised of the Late Archaean to Early 
Proterozoic Gawler Craton, the Early Proterozoic Curnamona Craton and sediments of 
the Adelaide Geosyncline. Figures 7.9 - 7.17 show the expected U-Pb zircon age 
distribution histograms of the individual basement areas within these two zones. 
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The construction of these histograms has been greatly assisted by discussions 
with Drs. R. W. Page, L. P. Black, and C. M. Fanning and Mr D. Compston and A. 
Camacho. 
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Figure 7.4: Map of Australia showing basement areas and the times at which these 
areas underwent metamorphism (from BMR Earth Science Atlas, 1985). 
7.3.3. Eastern Craton 
The Georgetown Inlier and the New England and Lachlan Fold Belts form part of 
the Tasman Orogenic System (Scheibner, 1978, 1986), which is a Palaeozoic to Early 
Mesozoic fold belt making up the eastern third of the Australian continent (Figure 7 .18). 
The expected U-Pb zircon age distribution histograms of the three areas within the 
Tasman Orogenic System are shown in Figures 7.19 - 7.21. Within these plots reference 
is made to "exotic" material which is commonly found in sediments throughout the 
Tasman Orogenic System and in other areas of the southwest Pacific Gondwana region 
including greywackes from New Zealand and from Marie Byrd Land, Antarctica (Ireland 
et al., 1994). The source regions for these sediments remain a matter of conjecture 
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Figure 7.8: Expected zircon age distribution histogram: Albany-Fraser Province 
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Figure 7.10: Expected zircon age distribution histogram: Granites Tanami Inlier 
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Figure 7.11: Expected zircon age distribution histogram: Tennant Creek Inlier 
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Figure 7.12: Expected zircon age distribution histogram: Mount Isa Block 
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Figure 7.13a: Expected zircon age distribution histogram: northern province 
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Figure 7.l3b: Expected zircon age distribution histogram: southern and central 
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Figure 7.14: Expected zircon age distribution histogram: Musgrave Block 
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Figure 7.15: Expected zircon age distribution histogram: Gawler Craton 
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Figure 7.16: Expected zircon age distribution histogram: Cumamona Craton 
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Figure 7.17: Expected zircon age distribution histogram: Adelaide Geosyncline 
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Figure 7.18: Map showing the different components of the Tasman Orogenic 
System and the major watercourses of eastern Australia. 
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Figure 7.19: Expected zircon age distribution histogram: Georgetown Inlier (ages 
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Figure 7.20: Expected zircon age distn"bution histogram: New England Fold Belt 
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Figure 7.21: Expected zircon age distribution histogram : Lachlan Fold Belt 
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although it is considered that they were initially deposited in sub-marine turbidite fans fed 
from the rising Delamerian-Ross Orogen of eastern Antarctica and southeastern 
Australia (Coney et al., 1990) (Figure 7 .22). 
The construction of these histograms has been greatly assisted by discussions 
with Drs. I. S. Williams and L. P. Black, and Mr A. J. R. Kent. 
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Figure 7.22: Gondwana prior to breakup between Australia and Antartica at - 160 Ma 
(adapted from Drexel et al., 1993). 
Transparencies of Figures 7.5 - 7.21 are provided (Enclosure 1) to enable easy 
comparison between them and the interpreted age distribution histograms obtained from 
sand samples (Chapter 7.4). 
7.4. U/Pb ZIRCON DATING OF GREAT VICTORIA DESERT SANDS 
7.4.1. Introduction 
The five samples in this section were selected from sites of similar latitude 
running from west to east across the Great Victoria Desert (Figure 7 .1 ). The most 
westerly of these sample locations (BJ67) overlies the Yilgam Block while further to the 
east, samples overlie the Officer (CPL61, CPL50, CPL17) and Arckaringa Basins 
(SP32). Samples were selected in an attempt to cover the major groupings of sand as 
indicated by the variations observed in their physical and mineralogical characteristics. 
These variations were shown in Chapter 3 to be strongly related to differences in the 
bedrock underlying the dunes. Samples were therefore chosen not only to give a broad 
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coverage of sands within the Great Victoria Desert, but also to examine the changes in 
the composition of sands in the transitional areas between different underlying bedrocks. 
7 .4.2. Sample analysis and discussion of protosource areas 
7 .4.2.A. BJ67 - Yilgarn Block 
Sample BJ67 was collected from an area of widely spaced longitudinal dunes and 
lateritic profiles 2 km to the east of Iona Homestead in the northwestern Yilgarn Block. 
The sample location (28° 31' S; 118° 04' E) lies in the eastern Murchison Province (Gee 
et al., 1981), - 175 km east of the Western Gneiss Terrain and 50 km west of the 
Southern Cross Province (Figure 3.3). 
Sixtythree zircon grains from sample BJ67 define a largely concordant Archaean-
aged population ( 48 of 63 grains displaying > 90% concordance) with an age range of 
2660- 2950 Ma (Figure 7.23b). 
It can be seen from Figure 7 .23b that there are three dominant age populations of 
zircon grains which occur at 2600 - 2730 Ma, 2730 - 2910 Ma and 2910 - 2990 Ma and 
can be resolved further into the seven distinct peaks listed in Table 7 .1. The Archaean 
age of these grains suggests that they were derived from the underlying Yilgarn Block. 
Figure 7.6 shows the expected age distribution histogram of zircon grains from the entire 
Yilgarn Block. In this plot the major crust forming event in the Yilgarn Block is seen to 
have occurred at - 2700 Ma, although the exact timing and extent of this event varies 
between the individual provinces. Within the Murchison Province which directly 
underlies sample BJ67 this - 2700 Ma event was preceeded at - 2800 Ma by the 
intrusion of suites of recrystallised monzogranites and granitoids. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of rnrins 
2686± 56 3 2827 ± 10 21 
2709 ± 12 15 2872 ± 60 3 
2750 ± 26 5 2939 ± 16 4 
2789 ± 18 12 
Table 7.1: Sample BJ67: Interpreted age peaks in the range 2600 - 3000 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .23b. A total of 63 grains analysed. 
Comparison of the age peaks obtained in this study with the known 
geochronology of the underlying Murchison Province (see Appendix V) indicates that 
there are distinct similarities between the two. 
The largest of the dominant populations in sample BJ67 lies between 2730 and 
2910 Ma and makes up 65% of all grains examined (41 of 63 grains). This population 
can be further divided into four peaks at 2750 ± 26 Ma, 2789 ± 18 Ma, 2827 ± 10 Ma 
and 2872 ± 60 Ma (Table 7.1). Grains in this population are believed to be of comparable 
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Figure 7 .23: Sample BJ67, Yilgarn Block, 63 grains. (A) 204Pb-corr. Concordia 
diagram; (B) Cumulative probability histogram of interpreted 207 /206Pb ages (in 
Ma). Boxes refer to age peaks given in Table 7.1. 
age to those of the Mount Fanner Group in the Murchison Province or to suites of 
recrystallised monzogranites and post-folding granitoids. 
The Mount Fanner Group, as defined by Watkins and Hickman (1990), is made 
up of an - 2.8 Ga greenstone sequence overlying the - 3 Ga Luke Creek Group. In 
general however, greenstone sequences contain only small quantities of zircon and while 
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the Mount Fanner Group may be contributing some material to the sample, it therefore 
can not be considered as the major source of sediments of this age. A second possible 
source for grains in this age population is the suites of recrystallised monzogranites and 
post-folding granitoids which were widely intruded across the Murchison Province at -
2800 Ma (Watkins et al., 1991). The four peaks observed in this study from within the 
dominant 2730 - 2910 Ma population may represent several different generations of this 
monzogranite and granitoid formation. 
The second dominant population in Figure 7 .23 b, which lies between 2600 and 
2730 Ma, makes up of 29% of the grains (18 of 63 grains) and can be divided into two 
peaks at 2686 ± 56 Ma and 2709 ± 12 Ma. These grains are believed here to be 
representative of the large volumes of monzogranites which were intruded into the Luke 
Creek and Mount Fanner Group greenstones at - 2700 Ma (Weidenbeck and Watkins, 
1993). This generation of intrusive granitoids is however, characteristic of not only the 
Murchison Province but also the majority of the Yilgarn Block (Figure 7 .6). 
The third dominant population of grains in sample BJ67 is defined by the small 
but discrete peak between 2930 and 2990 Ma which is centred on 2939 ± 16 Ma (four 
grains). Grains of this age may represent either late-stage supracrustal formation in 
greenstones of the - 3000 Ma Luke Creek Group or perhaps granitoid intrusions into 
this group. These pegmatite banded gneiss intrusions have been dated at - 2920 Ma 
(Weidenbeck and Watkins, 1993). 
The determination of protosource regions for the sands in sample BJ67 can be 
assisted by a consideration of the regional geology at the sample site. Studies of the 
regional geology in the Murchison Province have shown that granitoids comprise - 85% 
of all rocks exposed in the area with the remaining 15% made up of the Luke Creek and 
Mount Fanner Group greenstones (Weidenbeck and Watkins, 1993). Therefore if the 
zircon grains in the sand sample were derived from the rocks in the surrounding area, 
then the granitoids must be considered as their dominant protosource. In addition, 
greenstone terranes are characteristically deficient in both zircon and quartz and 
therefore would not be significantly represented in the sand sample. 
Another important factor to note in the analysis of this sample is the complete 
absence of > 3000 Ma grains. Grains of this age are characteristic of the Meeberie 
Gniesses and associated rocks around Mount Narryer in the Narryer Gniess Complex, 
and other similar aged material from the Western Gniess Terrain (Figure 7.6). These 
older terrains are located to the west of the Murchison Province and thus lie along the 
aeolian transport paths to the present dunefield (the prevailing wind direction in the 
Yilgarn Block at present is from west to east). The absence of this older > 3000 Ma 
material in sand samples indicates that sand grains have not been transported significant 
distances either by aeolian or fluvial means. 
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Both the geochronology of grains and their implied lack of transport suggests 
that sands in this area may largely represent residual deposits formed from the 
weathering of underlying bedrock. 
7.4.2.B. CPL61- Western Officer Basin 
Sample CPL61 (28° 18' E ; 124° 45' S) was collected from the crest of a west-
east oriented longitudinal dune lying to the east of the Yilgarn Block and underlain by the 
western Officer Basin. The sample location lies - 500 km to the east of that for sample 
BJ67. The western Officer Basin is itself underlain by rocks of the Albany-Fraser 
Province (Figure 7 .2). The surficial geology of the sample area is marked by exposures 
of laterite and silcrete profiles, low longitudinal dunes and remnant palaeodrainage 
channels. Fifteen kilometres to the north of sample CPL61, outcrops of limestone and 
dolomite mark the position of the extensive Cainozoic palaeodrainage system discussed 
in Chapter 3.3, which once flowed from north to south across the area (Figure 3.2). 
The majority of the 66 zircon grains analysed from sample CPL61 fall into two 
distinct age populations. The first is Proterozoic in age lying between - 900 and 1200 
Ma, while the second is dominated by Archaean ages between - 2600 and 2800 Ma. 
Three smaller populations are observed at - 600 Ma, 1600 Ma and 2970 Ma (Figure 
7.24). 
The major Proterozoic age population (- 900 - 1200 Ma) makes up 44% (22 of 
66 grains) of the total and has a chronology comparable with both the Albany-Fraser 
Province and Musgrave Block. The Albany-Fraser Province, which is exposed - 950 km · 
to the southwest of sample CPL61, has the expected age histogram of zircons shown in 
Figure 7.8. The major age peak in this plot at - 1185 Ma (Pidgeon, 1990; Black et al., 
1992), correlates well with the peaks at 1136 ± 30 Ma and 1174 ± 18 Ma observed in 
sample CPL61 (Figure 7.24). 
A comparison however, of the expected age histogram from the Albany-Fraser 
Province with that in Figure 7 .24 indicates that it cannot be considered as the only 
protosource for the Proterozoic age population in sample CPL61. The age range of this 
population (- 900 - 1200 Ma) along with a lesser peak at - 1600 Ma suggests that the 
Musgrave Block must also be considered as a protosource. 
As discussed in Appendix V, the geological development of the Musgrave Block 
involved protolith formation at - 1500 Ma followed by high-grade metamorphism at 
1200 - 1150 Ma and post-metamorphic magmatism between 1200 and 1050 Ma. 
Comparison of the expected histogram for zircon ages from the Musgrave Block (Figure 
7.14) with the peaks seen in the major Proterozoic population of sample CPL61 (Table 
7 .2) shows a strong correlation between the two. The peaks at 1136 ± 30 Ma and 117 4 ± 
18 Ma, are comparable with the large number of published ages on the metamorphic and 
post-metamorphic history of the Musgrave Block (for example Gray, 1979; Maboko, 
, ·. 
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Figure 7.24: Samples CPL61,CPL50,CPL17, Great Victoria Desert: Officer Basin. 
Cumulative probability histograms of interpreted ages (in Ma). Boxes refer to age 
peaks given in Tables 7.2 - 7.4. Note histogram of sample CPLl 7 omits grain of ag 
3196 +/- 21Ma. 
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Block (Figure 7 .6). The eastern portion of the Yilgarn Block closest to the sample 
location is composed of the gneisses and granitoids of the Eastern Goldfields Province 
(Figure 3.3). Granites within this province have crystallisation ages in the range of 2550 -
2750 Ma, with rare grain cores dated between 2900 and 3200 Ma (Hill et al., 1989; 
Pidgeon and Wilde, 1990). 
The smaller peak at 2970 ± 18 Ma in Figure 7.24 may indicate the presence of 
older inherited grains found in previous studies of the Eastern Goldfields Province (Hill 
et al., 1989). Grains of this age may also represent material from supracrustal formation 
in the Murchison Province (Luke Creek Group) or perhaps granitoid intrusions into this 
group (see sample BJ67). A source in the Murchison Province would however imply a 
far greater distance of sand transport and is therefore considered to be less likely. 
The small number of grains (3) in sample CPL61 with ages of - 600 Ma may 
correspond to rocks of the Early Palaeozoic Table Hill Volcanics. These volcanics, and 
their equivalents, which are found throughout the Officer Basin, have been dated at -
575 Ma (Compston, 1974). 
7.4.2.C. CPLSO - Western Officer Basin 
Sample CPL50 was collected from a region of numerous west-east oriented 
longitudinal du~es overlying the western Officer Basin. The sample location (28° 19' S ; 
126° 29' E) lies - 180 km east of CPL61, 270 km east of the Yilgarn Block and 250 km 
southwest of the Musgrave Block. 
Age Peak± Number Age Peak± Number 
Error (Ma) of £rrains Error (Ma) of grains 
937 ± 86 3. 1412 ± 128 5 
1017 ± 38 8 1511±108 5 
1138 ± 14 30 1693 ± 146 3 
1264 ± 70 5 
Table 7.3: Sample CPL50: Interpreted age peaks in the range 900 - 1700 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .24. A total of 64 grains analysed. 
The age distribution histogram of 64 zircon grains from sample CPL50 is 
dominated by a major population in the range of 950 - 1700 Ma (Figure 7.24). 
Comparison of the peaks observed in this figure and those in the expected age 
distribution histogram of zircon grains from the Musgrave Block (Figure 7.14), suggest 
that there is a strong correlation between the two. From the data obtained in this study, 
the dominant peak between 950 and 1250 Ma (centred at 1138 ± 14 Ma) (Table 7.3) 
may be related to either the age of metamorphism or of post-metamorphic magmatism in 
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the Musgrave Block. The lesser peaks between 1350 and 1700 Ma are thought to relate 
to the protolith ages of rocks in the Musgrave Block. 
7.4.2.D. CPL17- Eastern Officer Basin 
Sample CPL17 was collected from the crest of an west-east oriented longitudinal 
dune overlying the Palaeozoic-aged eastern Officer Basin. The sample location (28° 32' S 
; 131° 10' E) lies - 480 km east of sample CPL50, 100 km to the south of the Musgrave 
Block and 100 km west of the Arckaringa Basin. 
A comparison between the age distribution histogram of 61 zircon grains from 
sample CPL17, and that from sample CPL50 shows the two to be similar. In sample 
CPL17, the major age population lies between - 950 and 1300 Ma (centred on 1161 ± 
14 Ma) with a secondary population around 1400 - 1600 Ma (Table 7.4). As was the 
case in sample CPL50, these two populations are considered to represent protolith 
formation and subsequent metamorphism and associated magmatic activity in the 
Musgrave Block. 
Age Peak± Number Age Peak± Number 
Error (Ma) of !!rains Error (Ma) of grains 
984± 56 3 1468 ± 38 6 
1081±24 8 1574 ± 38 6 
1161±14 18 1761±64 3 
1328 ± 36 5 
Table 7.4: Sample CPLl 7: Interpreted age peaks in the range 950 - 1800 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7.24. A total of 61 grains analysed. 
In comparison to sample CPL50, which is believed to have been derived entirely 
from the Musgrave Block, the age distribution histogram from sample CPL17 suggests a 
small input from a second source, possibly the Gawler Block. The expected age 
distribution histogram of zircon grains from the Gawler Block shown in Figure 7.15, is 
characterised by three main peaks associated with the Sleafordian (2300 - 2700 Ma) and 
Kimban (- 1700 - 1850 Ma) Orogenies and the Gawler Range Volcanics/Hiltaba Suites 
(-1600 Ma). 
In Figure 7.24, the peaks seen at 1761 ± 64 Ma and 1574 ± 38 Ma may be 
comparable with the age of rocks associated with the last two events in the Gawler 
Block. The rationale for a small input from the Gawler Block is strengthened by the 
presence of a small number of grains (four) with interpreted ages of > 2250 Ma which 
may be representative of the Sleafordian Orogeny. If we assume that the relative 
percentages of material from within the Gawler Block are similar to those shown in 
U-Pb DATING OF DUNE SANDS 138 
Figure 7.15 - 15% of zircons analysed in sample CPL17 (10 of 61 grains) were derived 
from protosources in the Gawler Block. 
In sample CPL 17, three grains with ages of - 500 - 600 Ma may correspond to 
the Early Palaeozoic Table Hill and Kulyong Volcanics in the eastern Officer Basin, (see 
Chapter 3.4.2), which have been dated at - 575 Ma (Compston, 1974). 
7 .4.2.E. SP32 - Arckaringa Basin 
Sample SP32 was collected from one of a series of scattered longitudinal dunes 
towards the eastern margin of the Great Victoria Desert in a region underlain by the Late 
Carboniferous to Permian-aged Arckaringa Basin. The sample location (28° 56' S ; 135° 
55' E) lies - 275 km to the southeast of the Musgrave Block, 200 km to the north of the 
Gawler Block and 300 km northwest of the Adelaide Geosyncline. 
Fiftynine zircon grains analysed from sample SP32 show a wide range of ages 
between 120 and 2530 Ma. Within this range there are several characteristic age 
populations, the most significant of which lie at - 600, 1200 and 1640 Ma (Figure 7.25). 
Comparison between Figure 7 .25 and the expected age histograms from the Adelaide 
Geosyncline and Cumamona Cratons indicates that these two areas must be considered 
as possible protosources for much of the sedimentary material in sample SP32. 
SP32 
(59 grains) 
(1) 
(2) (1)(2) 
0 600 1200 1800 2400 3000 
Figure 7.25: Sample SP32, Great Victoria Desert, Arckaringa Basin. Cumulative 
probability histograms of interpreted ages (in Ma). Boxes refer to age peaks given 
in Table 7.5. 
The expected age distribution histogram of zircon grains from the Adelaide 
Geosyncline (Figure 7 .17) is complex and comprises ages associated with protosources 
in the geosyncline, and those from "exotic" terranes. It has been suggested that the peaks 
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in Figure 7.17 at 500 - 700 Ma and 1000 - 1200 Ma represent "exotic" sediments from 
protosources in the southwest Pacific Gondwana region (see Appendix V), while those 
at 490 - 600 Ma and 750 - 850 Ma were derived from rocks of the Delamerian Orogeny 
and volcanic intervals respectively. Grains of age> 1550 Ma in the Adelaide Geosyncline 
are considered to be inherited largely from the Gawler Block. 
The Curnamona Craton includes rocks of the Broken Hill and Olary Blocks and 
the Mount Painter and Mount Babbage Inliers. The composite expected age distribution 
histogram of zircon grains from these areas is shown in Figure 7.16 and comprises two 
major peaks at - 1690 Ma and - 1600 Ma which relate to periods of magmatic activity 
and metamorphism in the craton. Small amounts of Phanerozoic crustal formation within 
the Mount Painter Block is recorded by U-Pb ages of zircons and rutiles in the range -
100- 550 Ma (C. M. Fanning,pers. commun., 1994). 
The youngest of the dominant populations in sample SP32 ranges in age from -
500 - 700 Ma and makes up 19% of the total sample (11 of 59 grains) (Table 7.5). 
Grains of this age are found in the Adelaide Geosyncline and Cumamona Cratons both as 
detrital material from protosources possibly within the southwest Pacific Gondwana 
region (500 - 700 Ma), and as granitoids intruded during the Delamerian orogeny (490 -
600 Ma). The overlap in the age ranges of these two sources between 500 and 600 Ma 
makes determination of their relative inputs difficult, however the peak in Figure 7 .25 at 
671 ± 48 Ma is considered to be solely related to protosources "exotic" to the Adelaide 
Geosyncline. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
601±20 6 1689 ± 24 9 
671±48 3 1782 ± 86 3 
1214 ± 22 12 2069 ± 56 3 
1589 ± 34 7 
Table 7.5: Sample SP32: Interpreted age peaks in the range 500 - 2100 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .25. A total of 59 grains analysed. Within the age range tabulated here, 
sample SP32 contains a further 8 grains which do not fall into the populations listed and 
do not form any independantly significant peaks (see Chapter 7.2.4). 
The second major age population in sample SP32 forms a well defined peak 
centred on 1214 ± 22 Ma, and makes up 22% of the total analysed sample (13 of 59 
grains). Grains of this age may also be related to "exotic" sediments in the Adelaide 
Geosyncline (Figure 7 .17), although it is thought that these do not represent the only 
source region. 
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The Musgrave Block which lies to the northwest of sample SP32 may also be a 
possible protosource region. The peak in Figure 7.25 at 1214 ± 22 Ma correlates 
reasonably well with metamorphism and early granite intrusion into the Musgrave Block 
as shown in Figure 7.14. Similarly, the peak at 1589 ± 34 Ma may represent the timing of 
protolith formation. However, within sample SP32 very little evidence is found for late 
stage granite intrusions into the Musgrave Block (1150 - 1050 Ma). This absence 
indicates either, that the Musgrave Block has contributed only small amounts of sediment 
to the sample, or that this sediment has been sourced from a very restricted area which is 
not representative of the block as a whole. 
This area may possibly be the Fregon Subdomain, which forms the southeast 
corner of the Musgrave Block, and is dominated by widespread felsic mainly adamellite 
plutons of the Kulgera Suite. U-Pb zircon dating of this suite (Maboko et al., 1991) 
suggest emplacement of syntectonic phases at - 1225 - 1190 Ma. The well defined age 
peak at 1214 ± 22 Ma in sample SP32 and the absence of any younger grains may 
therefore be due to its derivation from a very restricted source area containing 
predominantly syntectonic plutons of the Kulgera 5uite. This restricted source area 
would have the effect of biasing the observed age distribution histogram with respect to 
that expected in Figure 7.14. 
The oldest of the major populations in sample SP32 ranges in age from - 1500 -
1900 Ma and makes up 36% of the total sample analysed (21 of 59 grains). Possible 
source areas for grains of this age include rocks of the Gawler and Curnamona Cratons, 
inherited sediments in the Adelaide Geosyncline, and protolith material from the 
Musgrave Block. 
As discussed in Appendix V the maximum age of the Adelaide Geosyncline 
sequence is - 1400 Ma, indicating that grains older than this found in its sediments, 
represent inheritance probably from the Gawler or Curnamona Cratons. Similarly the 
maximum age of crustal formation in the Curnamona Craton is thought to be - 1700 Ma 
with older grains also inherited from the Gawler Craton (Page and Laing, 1992). 
The expected age distribution histogram of zircon grains from the Gawler Craton 
(Figure 7 .15) is characterised by three major peaks representing two major periods of 
orogeny and magmatism (- 2640 and 2300 Ma and 1850 - 1700 Ma), followed by a 
subsequent phase of volcanic intrusion and granitoid emplacement (- 1595 - 1585 Ma). 
Comparison between the age distribution histogram from sample SP32 (Figure 
7 .25) and that expected from the Gawler Craton suggests that there is a strong 
correlation between the two. Within the major - 1500 - 1900 Ma population in Figure 
7.25, peaks are observed at 1589 ± 34 Ma, and 1782 ± 86 Ma. These peaks may 
correspond to the younger phases of crustal formation and orogeny in the Gawler 
Craton, while the small number of grains (four), with ages of 2300 - 2530 Ma are 
thought to have been formed during the older orogenic event. Within the Gawler Craton 
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however, the percentage of rocks of age - 1700 Ma is only small and cannot explain the 
large peak at 1689 ± 24 Ma in sample SP32. 
An alternative source region for the grains of this age and others within the -
1500 - 1900 Ma population may be the rocks of the Curnamona Craton. The major 
events in the expected age histogram from this craton occur at - 1700 Ma and - 1600 
Ma (Figure 7.16) which correlate well with peaks at 1589 ± 34 Ma and 1689 ± 24 Ma in 
Figure 7 .25. 
The determination of the relative inputs from the Gawler and Curnamona Cratons 
is complicated by sediment re-cycling and grain inheritance. It is however possible to 
make the following comments on sediment protosource areas. Firstly, all grains of age> 
1700 Ma were originally derived from protosources in the Gawler Craton. Following 
their formation these grains may have been re-worked into sediments of the Adelaide 
Geosyncline and Curnamona Cratons and subsequently into sample SP32. Secondly, the 
peak at 1689 ± 24 Ma in Figure 7.25 is probably related largely to material from sources 
within the Curnamona Craton. Thirdly, a small number of grains of age - 1500 Ma are 
expected to have been sourced from protolith material within the Musgrave Block. 
In summary U-Pb zircon studies on sample SP32, eastern Great Victoria Desert 
indicate that sands in this area are derived from at least five protosource regions. 
Determination of the percentage inputs from each of these areas is complicated by the 
possibility of inherited grains, and by overlaps in their age ranges. However if we 
consider inherited grains as being from their protosource area orily, and use the expected 
age histograms of these areas (Figures 7 .14 - 7 .17) as guides, the following estimates can 
be made. Approximately 25% of the total sample was derived from the Adelaide 
Geosyncline, this includes 5% from crustal material within the geosyncline, and 20% 
from "exotic" protosource areas. The Musgrave Block is thought to have shed - 20% of 
the sediment, although it is suggested that this may be from a very restricted source area. 
Of the remaining 55%, the Gawler and Curnamona Cratons, have contributed,... 30% and 
,... 25% respectively. 
7.4.3. Implications of zircon provenance studies in the Great Victoria Desert 
The results of U-Pb studies on the ages of zircon grains separated from sands of 
the Great Victoria Desert indicate that there are a number of protosources for this area. 
In some cases, these protosources are quite local, while in others, they are a considerable 
distance away and would require sand transport of several hundreds of kilometres. 
To the far west of the Great Victoria Desert, the age distribution of grains from 
sample BJ67 suggests that it has been derived directly from protosources in the 
underlying Murchison Province. This finding is not unexpected, given the relatively 
stable nature of the Yilgarn Block and the fact that it has occupied higher ground than 
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the surrounding basins since its uplift in the Early Proterozoic (Daniels, 1975b). It is 
more surprising however, to note the absence of grains representative of the older 
Western Gneiss Terrain which lies 175 km further to the west. The prevailing wind 
direction over the Yilgam Block is from west to east and therefore any significant aeolian 
transport of sand under the present wind regime would be expected to carry sediment 
from these older gneissic terrains into the sample area. The observed absence of such 
older grains (Figure 7 .23b) implies either that distance of downwind aeolian transport of 
sand in the Yilgam Block has been less than 175 km, or that sand carried by this means 
does not make up a significant proportion of the sample examined. 
The lack of sedimentary transport and re-working of grains in sample BJ67 is 
also indicated by the significant number of high-uranium (> 500 ppm) grains present in 
the sample. These are uncommon in re-cycled sedimentary samples because the 
weaknesses in the grains induced by uranium decay makes them more susceptible to 
breakdown (I. S. Williams, pers. commun., 1994). The effect of the high uranium content 
of grains is also observed in the concordia plot of sample BJ67 (Figure 7 .23a). In 
comparison to other samples examined, BJ67 contains a far greater percentage of 
discordant grains (ie. those which have suffered Pb loss, most likely during weathering 
and transport). The large majority of these grains which are less than 90% concordant 
are those with relatively high uranium content (> 350 ppm). 
The implied lack of sedimentary re-working and transport experienced by grains 
in sample BJ67 again indicates that sands in this area largely represent residual deposits 
formed from the weathering of underlying bedrock. 
Sample CPL61 was selected from a dune within the western Officer Basin, 
underlain by the Albany-Fraser Province and close to the margin of the Yilgam Block. 
The age distribution histogram (Figure 7 .24) from this sample indicates that there were 
three distinct protosource regions for sand in the area. These protosources, suggested 
earlier to be the Eastern Goldfields Province of the Yilgam Block, the Albany-Fraser 
Province and the Musgrave Block, have contributed respectively - 50%, 25% and 25% 
of zircons to the sediment sample. The presence of sand from these regions indicates 
significant distances of sand transport. 
Movement of sand into the western Officer Basin (sample CPL61) from the 
Yilgam Block which lies - 90 km to the west, may have occurred by downwind aeolian 
transport or by aqueous activity. Aqueous transport of sand from the Yilgam Block into 
the Officer Basin is recorded in several places in the stratigraphic record. Of these, two 
are considered here to be the most significant. The first is the Late Carboniferous -
Permian deposition of the glaciogenic Paterson Formation in the area between the 
Yilgam and Musgrave Blocks which received sediment from both of these areas 
(Jackson and van de Graaff, 1981). The other resulted from the Late Cretaceous uplift of 
U-Pb DATING OF DUNE SANDS 143 
the Yilgarn Block, which led to deposition of - 100 metres of fluviatile sediment into the 
western Officer Basin (van de Graaff, 1981). 
The aeolian transport of sand from the Yilgam Block to the position of sample 
CPL61 would require a movement of at least 90 km in an easterly or downwind 
direction. The majority of this transportation is suggested here to have occurred 
following the change from a humid to an arid climatic regime in the Late Tertiary. From 
the evidence obtained in U-Pb zircon studies, it is difficult to distinguish between aeolian 
and aqueous mechanisms as a means of sand transport from the Yilgarn Block and into 
the western Officer Basin. This question will be investigated further in Chapter 9, in 
conjunction with the evidence from other characterisation techniques. 
The second major protosource for sands in the western Officer Basin is the 
Musgrave Block which lies 300 km to the northeast. Transportation of sand from the 
Musgrave Block into the western Officer Basin is at right angles to the current prevailing 
wind direction and is therefore considered to have been by aqueous means. Aqueous 
transportation is recorded at several times in the stratigraphic record of the Officer Basin. 
Uplift of the Musgrave Block during the Petermann Ranges Orogeny (575 Ma) (Figure 
V.lA), resulted in fluvial activity which deposited the Babbagoola and Wirrildar Beds 
into the western and central Officer Basin respectively, while similar activity following 
Ordovician uplift deposited the Munda Sequence further to the east (Major, 1973; 
Jackson and van de Graaff, 1981; Veevers, 1984)(Figure V.lB). As was mentioned 
earlier, Late Carboniferous to Permian glacial activity deposited material from both the 
Musgrave and Yilgam Blocks into the Paterson Formation of the northwest Officer · 
Basin (Jackson and van de Graaff, 1981). 
A final phase of aqueous activity in the Officer Basin occurred during the Early to 
Middle Cretaceous when drainage channels flowed from north to south across the area, 
depositing the coarse-grained sandstones of the Lampe Beds (Lowry et al., 1972). 
Evidence of these channels is still recorded in the surface relief of the Great Victoria 
Desert, with remnants of the Yeo Lake system visible 15 km to the north of sample site 
CPL61. The stratigraphic position of the Lampe Beds and their deposition at about the 
time of dune formation in the Great Victoria Desert makes them the likely candidate for 
the most recent source of sand. It is anticipated that the Lampe Beds contain significant 
amounts of sediments re-worked from older underlying deposits which themselves 
contained material from the Yilgarn and Musgrave Blocks, and the Albany-Fraser 
Province. 
Further to the east, in the central Officer Basin, samples CPL17 and CPL50, 
which lie respectively 250 km to the southwest and 100 km to the south of the Musgrave 
Block, contain sand which was derived from protosources in this region. As was the case 
in sample CPL61, aqueous transport is considered to have been the means of sand 
transportation into the Officer Basin. The stratigraphic units from which dunes of the 
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eastern Great Victoria Desert were derived are thought to be similar to those discussed 
in sample CPL6 l. A secondary input of material to the eastern Officer Basin may have 
occurred following uplift and erosion of the Musgrave Block during the Alice Springs 
Orogeny (360 Ma)(Figure V. lC), which is recorded by thick sandstone beds in the 
M_unyerai I drill core, eastern Officer Basin (Veevers, 1984 ). 
The age distribution histogram in sample CPLl 7 suggests that small amounts of 
zircon and therefore probably other sedimentary material (- 15%) were derived from 
protosources in the Gawler Craton. Sediment from this block, may have been deposited 
in the sample area by the Late Carboniferous to Permian glacial activity (Paterson 
Formation) (Wopfner, 1981), or as marine sediments by the Cretaceous aged Aptian-
Albian sea (Bejah Claystone, Samuel Formation and Cadna-owie Formation)(Veevers, 
1984). 
To the far east of the Great Victoria Desert, sample SP32 overlies sediments of 
the Arckaringa Basin. The age distribution histogram from this sample is very complex 
and suggests that at least five protosources may have contributed sand to the region 
(Figure 7 .25). Determination of the relative inputs from these protosources is 
complicated by problems associated with grain re-working and inheritance. The Adelaide 
Geosyncline, from which - 25% of the sediment in sample SP32 is thought to have been 
derived, is itself a predominantly sedimentary deposit, containing material from the 
Gawler and Cumamona Cratons, and from "exotic" areas possibly within the southwest 
Pacific Gondwana region. Strictly speaking therefore, the Adelaide Geosyncline as a 
whole, does not represent a true protosource for material in sample SP32, but instead 
would be termed an intermediate source region. However, within the Adelaide 
Geosyncline, minor exposures of volcanics are found, which are thought to have 
contributed small amounts of sediment (- 5%) to sample SP32 and these therefore, do 
form a protosource for the sample. 
Deposition of material into the Adelaide Geosyncline from protosources within 
the southwest Pacific Gondwana region is thought to have occurred during the 
Ordovician in a series of sub-marine turbidite fans (Coney et al., 1990). These fans, 
which are considered to have been sourced from the rising Delamerian-Ross Orogen of 
eastern Antarctica and southeastern Australia (Figure 7 .22), deposited vast amounts of 
sediment to both southeast and eastern Australia, as well as to New Zealand and 
Antarctica (Ireland et al., 1994). 
Other protosources to sample SP32 include the Gawler and Cumamona Cratons 
and the Musgrave Block which have contributed - 30%, 25%, and 20% of the total 
sediment respectively. 
It is thought that much of the sediment within the Arckaringa Basin was 
deposited by Late Carboniferous to Permian glacial activity and by post-glacial sediment 
intake. Wopfner (1981) proposed that the direction of this glacial transport was from the 
U-Pb DATING OF DUNE SANDS 145 
south and southeast into the Arckaringa Basin. This transport direction would have 
crossed both the Gawler and Curnamona Cratons as well as the sediments of the 
Adelaide Geosyncline. It would be expected therefore that the glacial deposits of the 
Boorthanna Formation in the Arckaringa Basin, would contain material from each of 
these three areas. Post-glacial sediment intake from the Musgrave Block to the 
northwest deposited the freshwater Mt. Toondina Formation into the Arckaringa Basin 
(Wopfner, 1981). 
Prior to the Late Carboniferous to Permian, sediments from the Musgrave Block 
are believed to have been deposited into the western Arckaringa Basin as the St. John's 
and Davis Bore Conglomerates following uplift of the block during the Petermann 
Ranges Orogeny (575 Ma) (Figure V.lA) (Veevers, 1984). 
The complex age distribution histogram obtained from sample SP32 therefore 
reflects the fact that sediments of the Arckaringa Basin, and hence the sand dunes 
overlying the Great Victoria Desert, are made up of grains from many different 
protosource and intermediate source regions, which were deposited under a variety of 
environmental conditions. 
7.5. U/Pb zmcoN DATING OF SIMPSON AND STRZELECKI DESERT 
SANDS 
7.5.1. Simpson Desert 
7.5.1.1. Introduction 
A total of four samples from the Simpson Desert and surrounding areas were 
selected and examined for their U-Pb signaures. Three of these samples (ABH62A, 
CTJ98, SP221) were chosen from areas of the desert identified (Chapter 4.6.3) as having 
different characteristic heavy mineral populations. A fourth sample was taken from the 
northwest of the Simpson Desert in the eastern Tanami Dunefield (BJ200). 
It was shown in Chapter 4 that the geological history of the sediments underlying 
the Simpson Desert is exceedingly complex and has involved considerable sediment re-
working and transport. Much of this sedimentary history is thought to be related to the 
transport and deposition of material into the Lake Eyre Basin. Lake Eyre itself forms the 
focus of a vast inland drainage system into which sediments from large endoreic rivers 
are deposited. These rivers include the Finke, Diamantina, Georgina and Macumba and 
and the Cooper Creek, which flow into the Lake Eyre Basin from surrounding upland 
areas (Figure 7.18). 
7 .5.1.2. Sample analysis and discussion of protosource areas 
7.5.1.2.A. ABH62A - northwestern Simpson Desert 
Sample ABH62A was selected from the crest of a south-southeast to north-
northwest oriented longitudinal dune in the northwestern Simpson Desert. The sample 
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location (24° 51' S ; 136° 03' E) lies - 120 km south of the southeastern Arunta Block 
and 210 km northeast of the eastern Musgrave Block. Fifty kilometres to the northwest 
of the sample site, flood plain deposits mark the position of the Hale River. This river is 
one of a series of intermittently active water courses, which flow into the Simpson 
Desert from upland areas along its northern margin. 
59 U-Pb analyses from sample ABH62A define an age distribution histogram in 
which the majority of zircons fall into two distinct age populations (Figure 7 .26). These 
populations, which lie from 900 - 1200 Ma and 1450 - 1950 Ma have been sub-divided 
into the peaks shown in Table 7.6. Both the position and relative abundance of these 
peaks suggest that the majority of sample ABH62A has been derived from protosources 
in the central Australian Arunta Block. The expected age distribution histogram of 
zircons from the Northern Province of the Arunta Block (Figure 7 .13a) is characterised 
by a large peak in the range 1500 - 1900 Ma, while that from the Central and Southern 
Provinces (Figure 7.13b) consists of a major peak from 1500 - 1800 Ma and a lesser one 
from 1000 - 1140 Ma. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
1092 ± 70 5 1735 ± 14 21 
'1190 ± 76 5 1776 ± 16 11 
1596 ± 34 9 
Table 7.6: Sample ABH62A: Interpreted age peaks in the range 1000 - 1200 Ma, 
and 1450 - 1950 Ma calculated using the Mix Program. Peak positions and errors (at 
95% confidence limit) used in Figure 7 .26. A total number of 59 grains analysed. Within 
the age ranges tabulated here, sample ABH62A contains a further 3 grains which do not 
fall into the populations listed and do not form any independantly significant peaks (see 
Chapter 7.2.4). 
Comparison between the timing of crust-forming events in the Arunta Block and 
the peaks in the age distribution histogram of sample ABH62A shows a strong 
correlation between the two. It is considered that the major peaks observed in Figure 
7.26 at 1735 ± 14 Ma and 1776 ± 16 Ma represent a continuum of ages equivalent to 
rocks associated with the Strangways Event in the Arunta Block, while grains in the age 
range 1450 - 1700 Ma may correlate with those crystallised during the Aileron and 
Anamatjira Events (see Appendix V). 
Similarly the second age population (900 - 1200 Ma) observed in Figure 7.26 
correlates with the timing of the "Ormiston Event" in the Arunta Block. The peaks at 
1092 ± 70 Ma and 1190 ± 76 Ma in sample ABH62A correspond well with ages of 
pegmatites and granites in the southern Arunta Province, which range from - 1110 -
1140 Ma (Black and Shaw, 1992). In recent work by Collins et al. (in press), the 
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Figure 7.26: Samples ABH62A, CTJ98, SP221, Simpson Desert. Cumulative 
probability histograms of interpreted ages (in Ma). Boxes refer to age peaks given 
in Tables 7.6, 7.7 and 7.9. 
147 
U-Pb DATING OF DUNE SANDS 148 
"Ormiston Event" described by Shaw et al. (1984) as granite intrusion associated with 
high-grade metamorphism has been questioned. Collins et al. (in press) believe that the 
"Ormiston Event" occurred at - 1600 Ma and that the previously reported ages of -
1110 - 1140 Ma reflected thermal perturbation of the Rb-Sr mineral ages (Langworthy 
and Black, 1978). However, the U-Pb dating of pegmatites from the Arunta Block at -
1140 Ma (Black and Shaw, 1992) indicates that zircon forming crustal activity was 
underway in the time period previously spanned by the "Ormiston Event". The "Ormiston 
Event" is only observed in rocks of the Central and Southern Arunta Provinces, 
indicating that these two provinces are probably the dominant sources to sample 
ABH62A. However, this does not rule out the possibility of a smaller input from rocks of 
the Northern Province, but suggests that they are not the only protosource. 
The small number of grains (two) observed in this study of ages in the range -
490 - 550 Ma may represent material formed during late stage igneous crystallisation in 
the Harts Range region of the Central Arunta Province (Mortimer et al., 1987). 
Within Figure 7.26, the peaks in the age ranges 1000 - 1250 Ma and 1500 - 1600 
Ma suggest that the Musgrave Block must also be considered as a possible protosource 
area for sample ABH62A. As discussed in Appendix V, the geological development of 
the Musgrave Block involved protolith formation at - 1500 Ma, followed by high-grade 
metamorphism at 1200 - 1150 Ma and post-metamorphic magmatism between 1200 and 
1050 Ma. Comparison of the expected histogram for zircon ages from the Musgrave 
Block (Figure 7.14) with the peaks seen in Figure 7.26 shows a good correlation 
between the two. The peaks at 1092 ± 70 Ma and 1190 ± 76 Ma are comparable with the· 
large number of published ages on the metamorphic and post-metamorphic history of the 
Musgrave Block (for example Gray, 1979; Maboko, 1988; Camacho and Fanning, in 
press). The peak at 1596 ± 34 Ma in sample ABH62A may record the age of protolith 
formation in the Musgrave Block. 
In summary therefore, sands m the northwestern Simpson Desert (sample 
ABH62A) were derived primarily (- 75%) from protosources in the central Australian 
Arunta Block. On the basis of the age distribution histogram (Figure 7 .26), it is 
suggested that the Central and Southern Arunta Provinces contributed the vast majority 
of this sediment with only a minor input from the Northern Province. The Musgrave 
Block is thought to be the protosource for the remaining - 25% of sediment in sample 
ABH62A. 
7.5.1.2.B. CTJ98 - northeastern Simpson Desert 
Towards the northern margin of the Simpson Desert, short longitudinal dunes 
inter-finger with floodplain deposits associated with numerous small rivers and creeks. 
This fluvial activity, which has its origin in higher rainfall areas to the north and northeast 
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of Australia, also forms part of the inland drainage system flowing towards Lake Eyre. 
One of the largest rivers in this system is the Georgina River, which flows from the north 
into the northeastern Simpson Desert. Sample CTJ98 was collected from one in a series 
of longitudinal dunes 80 km to the southwest of the Georgina River. The sample location 
(23° 36' S ; 138° 30' E) lies - 450 km to the north-northeast of Lake Eyre, - 200 km to 
the south-southwest of the Mount Isa Block and - 175 km to the east of the Arunta 
Block. 
The results of U-Pb analyses carried out on 49 zircon grains show that there are 
two dominant age populations in sample CTJ98 (Figure 7.26). These populations range 
in age from 500 - 700 Ma and 1500 - 1900 Ma and can be sub-divided into the peaks 
shown in Table 7.7. Aside from these dominant populations, significant numbers of 
grains are observed in the age ranges of 100 - 300 Ma (seven grains) and 2100 - 2300 
Ma (four grains). 
The larger of the dominant populations (1500 - 1900 Ma) in sample CTJ98 
makes up 45% (22 of 49 grains) of the total grains analysed. It is thought that grains in 
this age range are most probably derived from either the Northern Arunta Province or 
the Mount Isa Block. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of !!fains 
563 ± 24 7 1718 ± 20 8 
641±86 3 1796 ± 28 8 
1593 ± 56 5 
Table 7.7: Sample CTJ98: Interpreted age peaks in the range 475 - 700 Ma and 
1500 - 1800 Ma calculated using the Mix Program. Peak positions and errors (at 95% 
confidence limit) used in Figure 7 .26. A total of 49 grains analysed. Within the age 
ranges tabulated here, sample CTJ98 contains a further 3 grains which do not fall into the 
populations listed and do not form any independantly significant peaks (see Chapter 
7.2.4). 
The Northern Province of the Arunta Block has the expected age distribution 
histogram shown in Figure 7.13a. As discussed in Appendix V, the geological evolution 
of this area has involved up to four phases of crustal formation spanning an age range of 
1860 - 1400 Ma. The largest of these phases occurred associated with the Hardy and 
Wabudali Tectonic Events and has been dated at 1772-1799 Ma (Young et al., in press). 
This age range correlates well with one of 1796 ± 28 Ma for the dominant peak in Figure 
7 .26. A second phase of crustal formation in the Northern Province at - 1600 Ma 
(Chewings Orogeny) may also be recorded in the lesser peak at 1593 ± 56 Ma. 
A second possible protosource for sand in sample CTJ98 is the rocks of the 
Mount Isa Block. The expected age distribution histogram of zircon grains from the 
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Mount Isa Block is shown in Figure 7 .12, and is characterised by a spread of ages from 
1870 - 1500 Ma with peaks at - 1870- 1850 Ma, 1800 - 1670 Ma and 1600 - 1500 Ma. 
Comparison of Figure 7 .12 with the interpreted age histogram of sample CTJ98 
(Figure 7 .26) shows a possible correlation between the two. Peaks centred on 1796 ± 28 
Ma and 1718 ± 20 Ma (Table 7.7) may relate to the 1800 - 1670 Ma magmatic event in 
the Mount Isa Block, while that at 1593 ± 56 Ma possibly record the younger 1600 -
1500 Ma magmatism. In Figure 7.26 however, only minimal evidence is found for the 
earliest phase (- 1870 - 1850 Ma) of crustal formation in the Mount Isa Block. 
The hypothesis that the Mount Isa Block has contributed material to sample 
CTJ98, is however strengthened by the presence of a small number of grains aged from 
2050 - 2300 Ma. Grains of this age have been recorded previously by Page and Williams 
(1988) in the Yaringa paragneiss sequence of the Mount Isa Block. They believed that 
these grains, which were dated at 2550 - 2200 Ma, represented detrital core components 
of the younger 1900 - 1800 Ma gneisses. 
The second of the dominant populations seen in Figure 7.26 (500 - 700 Ma) 
makes up 25% (12 of 49 grains) of grains analysed. A protosource for grains of this age 
is difficult to find. Aside from the Proterozoic-aged rocks of the Mount Isa and Tennant 
Creek Blocks and the Georgetown Inlier, the oldest crustal material which has been 
dated in northeastern Australia is Late Cambrian in age. Aitchison et al. (1992) have 
reported U-Pb zircon ages of 530 Ma from plagiogranites in the New England Fold Belt 
to the south east of sample CTJ98, which they believed to be the oldest rocks in the fold 
belt. Early Palaeozoic magmatism in the Georgetown Inlier is recorded by ages in the 
range 471 - 507 Ma from the Balcooma Metavolcanics (Withnall et al., 1991), while in 
the Central Arunta Province, an igneous crystallisation age of - 520 Ma has been 
obtained from the Bruna pegmatite (Mortimer et al., 1987). 
Although it is considered that rocks from these areas may have contributed small 
amounts of sediment to sample CTJ98, their ages cover only the younger range of the 
500 - 700 Ma population, indicating that they are not the only protosource areas. It has 
been pointed out earlier in Chapter 7.4.1 (sample SP32) that grains with U-Pb zircon 
ages in the range 500 - 700 Ma are commonly found in sediment samples from 
throughout the southwest Pacific Gondwana region (Ireland et al., 1994). It is possible 
therefore, that sediments from this "exotic" source may make up a large percentage of 
sample CTJ98, reflected in the dominant age population at 500 - 700 Ma in Figure 7 .26. 
However the absence of a significant peak at 1000 - 1200 Ma, which is associated with 
these "exotic" sediments, does not support this hypothesis. The protosource area for 
grains in the second dominant population seen in Figure 7.26 (500 - 700 Ma) is therefore 
still in doubt. 
The small number of grains (seven) observed in sample CTJ98 with ages in the 
range of 100 - 310 Ma are considered to be representative of magmatic activity along the 
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east coast of Australia. This activity, the exact location and geochronology of which will 
be discussed in relation to sample SP221, ranges in age between 100 and 450 Ma and 
occurs throughout the Tasman Orogenic System (Figure 7.18). It is suggested that the 
majority of grains of age 100 - 310 Ma in sample CTJ98 were most probably derived 
from granitoids and volcanics in the New England Fold Belt (225 - 289 Ma) (Shaw and 
Flood, 1981), and from Cretaceous plutons in the Urannah Batholith of the New England 
Fold Belt (125 - 135 Ma) and in the Bowen Basin (Allen and Chappell, 1993). 
In summary therefore, the major protosource areas for grains in sample CTJ98 
are believed to be the Mount Isa and Arunta Blocks, which in total have contributed -
60% of the overall sample. Although it is difficult to distinguish between these two 
protosource areas because of the similarities between their geochronologies, it is 
suggested that the Mount Isa Block was probably the dominant source. It has been 
mentioned earlier that sample CTJ98 was collected from near the Georgina River which 
flows into the Simpson Desert from the north. The catchment area for the Georgina 
River includes the Mount Isa Block and therefore river sediments will contain a 
significant amount of material from this area. The protosource for 25% of grains in 
sample CTJ98 remains uncertain at this stage. These grains lie in the age range generally 
associated with "exotic" sediments possibly from the southwest Pacific Gondwana 
. . 
region. This correlation however is not supported by the limited number of grains in the 
age ranges which are commonly associated with these "exotic" sediments. The remaining 
15% of grains are thought to be derived from protosources in the New England Fold 
Belt. 
7.5.1.2.C. SP221 - southeastern Simpson Desert 
The southeastern comer of the Simpson Desert is characterised by a series of pale 
coloured (lOYR), poorly vegetated, longitudinal dunes. The dunes are inter-fingered 
with, and run parallel to, the numerous small salt lakes and clay pans of the Kallakoopah 
Lakes (Figure 4.1). 
Sample SP221 was collected from the crest of a longitudinal dune from within 
the Kallakoopah Lakes area, 25 km to the northwest of Warburton Creek and - 100 km 
northeast of Lake Eyre. The sample location (27° 02' S ; 138° 24' E) lies almost centrally 
between the Musgrave, Arunta, Mount Isa Blocks, Gawler Craton and the Adelaide 
Geosyncline, and - 850 km to the southwest of the New England Fold Belt. 
The age distribution histogram of 113 zircon grains from sample SP221, shows a 
complex age spectrum which ranges from 100 - 2780 Ma (Figure 7 .26). Within this 
range are numerous peaks, the most significant of which lie in four major populations 
with age ranges of 100 - 450 Ma, 500 - 675 Ma, 875 - 1265 Ma and 1750- 1950 Ma. 
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The first of these populations (100 - 450 Ma) makes up 35% (39 of 113 grains) 
of the total grains analysed and displays ages characteristic of rocks of the Tasman 
Orogenic System (Figure 7.18). This orogenic system lies along the eastern continental 
margin of Australia and includes the Palaeozoic to Recent rocks in the area of the 
Georgetown Inlier, those of the New England and Lachlan Fold Belts and the 
Delamerian-aged rocks to the southeast of Australia in the Adelaide Geosyncline. The 
expected age distribution histograms of zircon grains from these areas are shown in 
Figures 7.19 - 7.21 and 7.17 respectively. In general, these histograms are dominated by 
two main features. The first is a series of peaks related to in-situ magmatic activity within 
the Tasman Orogenic System. The age of these peaks varies between the individual fold 
belts and can therefore be used to characterise them. Table 7 .8 shows the times of major 
magmatic activity in each of the areas within the Tasman Orogenic System. The second 
main feature of Figures 7 .19 - 7 .21 and 7 .17 is a set of two peaks in the age ranges 500 -
700 Ma and 1000 - 1200 Ma. These peaks which have been described in Chapter 7.4.1 
(sample SP32) and Appendix V are thought to relate to "exotic" sediments derived from 
areas outside the Tasman Orogenic System. The presence of "exotic" sediments has 
however, not been observed within the Georgetown Inlier. 
Region within Tasman Major periods of 
Orogenic System magmatic activity 
250- 330 Ma 
Georgetown Inlier 350-420 Ma 
1550 - 1600 Ma 
New England Fold 90 - 135 Ma 
Belt 225 -255 Ma 
270- 300 Ma 
Lachlan Fold Belt 100- 150 Ma 
360-450 Ma 
Adelaide Geosyncline 490- 550 Ma 
750- 850 Ma 
Table 7.8: Major periods of magmatic activity within the Tasman Orogenic System. 
From a comparison of the ages of magmatic activity in the Tasman Orogenic 
System and the peak positions within sample SP221 (Table 7.9), it is suggested that the 
main protosources for grains in the 100 - 450 Ma age population are rocks of the New 
England Fold Belt and Georgetown Inlier. The peaks observed at 103 ± 2 Ma I 136 ± 6 
Ma, 249 ± 10 Ma and 287 ± 14 Ma may correlate with the three magmatic episodes seen 
in the New England Fold Belt (Table 7.8). Similarly peaks at 249 ± 10 Ma I 287 ± 14 Ma 
and 353 ± 10 Ma may relate to events in the Georgetown Inlier (Table 7.8). A minor 
input of sediment from the Adelaide Geosyncline is indicated by the small peak at 502 ± 
20Ma. 
U-Pb DATING OF DUNE SANDS 153 
It is noted here that the percentage of grains in the age range 100 - 140 Ma is 
considerably higher in sample SP221 than that expected in sediments from the New 
England Fold Belt (Figure 7.20). This increased percentage may indicate that Cretaceous 
volcanism was a considerably larger event than is indicated by its present outcrop area. 
The erosion of these volcanics would have been aided by their extrusion at the surface. 
This contrasts with granites which are intruded at depth and are therefore less susceptible 
to erosion. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
103 ± 2 13 601±42 11 
136± 6 4 656 ± 20 5 
191±6 7 959 ± 36 8 
249 ± 10 6 1034 ± 108 6 
287 ± 14 4 1179 ± 26 8 
353 ± 10 4 1458 ± 112 4 
502 ± 20 4 1771±26 7 
547 ± 16 7 1941±108 3 
Table 7.9: Sample SP221: Interpreted age peaks in the range 100 - 2000 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .26. A total number of 113 grains analysed. Within the age range 
tabulated here, sample SP221 contains a further 5 grains which do not fall into the 
populations listed and do not form any independantly significant peaks (see Chapter 
7.2.4). 
The second major age population in sample SP221 ranges in age from 500 - 675 
Ma and makes up 24% (27 of 113 grains) of the total number of grains analysed. As 
discussed earlier, grains of this age are common in sediments found in the Tasman 
Orogenic System (Figures 7.19 - 7.21 and 7.17), and were probably transported into the 
Simpson Desert along with the magmatic material from these areas. Similarly a 
proportion of grains in the age range from 950 - 1275 Ma, in sample SP221 are thought 
to relate to the 1000 - 1200 Ma peak in the expected age histograms from the Tasman 
Orogenic System. 
In total, grains in the age range from 950 - 1275 Ma, make up 21 % (24 of 113 
grains) of sample SP221. Formation of crustal material during this time period occurred 
in two areas, which are adjacent to the Simpson Desert. The Musgrave Block, which lies 
450 km to the west of the sample location, underwent high-grade metamorphism 
between 1200 and 1150 Ma, which was associated with granitoid intrusion in the period 
1050 - 1200 Ma (see Figure 7.14). Likewise, in the Southern and Central Arunta 
Provinces, - 400 km to the northwest, metamorphism and granitoid intrusion occurred 
between 900 - - 1140 Ma at the time of the "Ormiston Event" (see Figure 7.13b). 
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Although it is difficult to distinguish between inputs from protosources in the 
Musgrave and Arunta Blocks, the following statements can be made on the basis of the 
peaks shown in Table 7.9. The peak at 959 ± 36 Ma in sample SP221 has no obvious 
correlative in the Musgrave Block and therefore is most likely to have been derived from 
rocks of the "Ormiston Event" in the Arunta Block. Similarly, the peak observed at 1179 
± 26 Ma is probably representative of metamorphism or granitoid intrusion into the 
Musgrave Block. It is considered that the peak at 1034 ± 108 Ma was derived from 
protosources in both the Arunta and Musgrave Blocks. As suggested earlier a percentage 
of the grains of age 1000 - 1200 Ma are thought to be derived from "exotic" sediments. 
The small number of grains (five) in Figure 7.26 which are of age 1450 - 1650 
Ma may have been derived from protolith material in the Musgrave Block, or from rocks 
associated with the Aileron and Anamatjira Events in the Arunta Block. Alternative 
protosource regions for grains of this age are granites of the Georgetown Inlier or 
inherited material in the New England and Lachlan Fold Belts. 
The final major population in sample SP221 lies between 17 50 and 1950 Ma and 
makes up 9% (10 of 113 grains) of the grains analysed. Rocks of this age are found in 
many of the fold belts from northern Australia, including the Arunta and Mount Isa 
Blocks, and also in the Gawler and Curnamona Cratons to the south. The geochronology 
of these areas has been discussed in Appendix V and is summarised in the expected age 
distribution histograms Figure 7 .13a, b (Arunta Block), Figure 7 .12 (Mount Isa Block), 
Figure 7.15 (Gawler Craton) and Figure 7.16 (Curnamona Craton). 
In the 1750- 1950 Ma population of sample SP221, the dominant peak at 1771 ± 
26 Ma (Table 7.9) may correlate with rocks of the Strangways Event (1770 - 1730 Ma) 
in the Arunta Block, episodes of magmatism between 1800 - 1670 Ma in the Mount Isa 
Block, the Kimban Orogeny (1850 - 1700 Ma) in the Gawler Craton, or to magmatism at 
- 1690 in the Willyarna Supergroup of the Curnamona Craton. Again it is difficult to 
distinguish between these possible protosources for the 17 50 - 1950 Ma population in 
sample SP221, and it is considered that this population probably represents a mixture of 
grains from these four areas and possibly others. 
The small number of grains (seven) in sample SP221 with ages ranging from 
2087 to 2779 Ma may again have been derived from several protosource regions. These 
include the Gawler Craton, where rocks associated with the Sleafordian Orogeny date in 
the range of 2640 - 2300 Ma (Daly and Fanning, 1993), and detrital material of age 2550 
- 2200 Ma in the Yaringa Paragneiss of the Mount Isa Block (Page and Williams, 1988). 
Many other basement areas including the Arunta Block and Georgetown Inlier also have 
inherited grains of age > 2000 Ma, making determination of the protosources for these 
grains extremely difficult. 
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In summary, the complicated nature of the age distribution histogram of sample 
SP221 (Figure 7.26) is attributed to the large number of protosources which have, and 
still are, contributing sediment to the Lake Eyre region via the numerous endoreic water 
courses flowing into the area. It is difficult, and perhaps impossible, to definitively 
identify all of these protosources. However the following conclusions may be drawn on 
the main protosources and their percentage sediment inputs. The vast majority of 
sediment in sample SP22 l was derived from rocks of the Tasman Orogenic System. This 
is made up of - 30% and - 10% of magmatic grains from the New England Fold Belt 
and Georgetown Inlier respectively, and - 30% from "exotic" sediments. This "exotic" 
sediment was most recently eroded from sediments of the Tasman Orogenic System. 
Aside from these areas, the other main sources of sediment to sample SP221 were the 
Musgrave and Arunta Blocks, which have both contributed - 10% of the total. The 
remaining 10% of material is thought to have been derived from a large number of other 
protosources, the more important of which were probably the Mount Isa Block, the 
Gawler and Curnamona Cratons and the Adelaide Geosyncline. 
7 .5.1.2.D. BJ200 - eastern Tanami Desert 
To the northwest of the Simpson Desert lie a series of low, well vegetated, 
southeast to northwest oriented longitudinal dunes. These dunes which extend across 
northern Australia and merge with those of the Great Sandy Desert to the west, form 
part of the Tanarni Desert (Figure 1.1). The Tanarni Desert overlies sediments of the 
Wiso Basin and is surrounded by rocks of the northern Australian fold belts (Page, 
1988). Sample BJ200 was collected from the crest of a dune in the southeast Tanami 
Desert (20° 46' S; 134° 15' E), lying- 5 km to the southwest of the Davenport Province 
of the Tennant Creek Inlier, and - 10 km to the north of the Arunta Block. 
From the results of U-Pb studies on 73 zircons from sample BJ200, it can be seen 
that 78% of these grains (57 of 73) lie in an age range of 1500 - 2300 Ma (Figure 7 .27). 
Within this major population, several peaks have been identified, the ages of which 
suggest a correlation between the geochronologies of the Tennant Creek Inlier and 
Arunta Block and that of sample BJ200 (Table 7 .10). 
A summary of the geochronology of the Tennant Creek Inlier has been presented 
in Compston (1994) and in Appendix V. The expected age distribution histogram of 
zircon grains (Figure 7.11) shows that the major magmatic events in the Tennant Creek 
Inlier occurred during a relatively short time period (- 1860 - 1845 Ma) associated with 
the Barramundi Orogeny. Following this orogeny, subsequent periods of magmatic 
activity occurred at 1820 - 1810 Ma, 1700 - 1650 Ma and - 1712 Ma (Compston, 
1994). 
In his study of the Tennant Creek Inlier, Compston (1994) recorded a large 
number of grains of age 1900 - 3200 Ma, which he considered were inherited from older 
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crustal material. This inherited material formed peaks in the total cumulative probability 
histogram of Tennant Creek Inlier samples (Figure 3.37 of Compston, 1994) at -1950, 
-2100, -2200, 2350, 2500 and 2625 Ma. 
Age Peak± Number Age Peak± Number 
Error (Ma) of mins Error (Ma) of Qrains 
1687 ± 34 7 1980 ± 34 13 
1721±26 12 2102 ± 68 3 
1837 ± 30 18 
Table 7.10: Sample BJ200: Interpreted age peaks in the range 1500 - 2400 Ma 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .27. A total of 73 grains analysed. Within the age range tabulated here, 
sample BJ200 contains a funher 4 grains which do not fall into the populations listed and 
do not form any independantly significant peaks (see Chapter 7.2.4). 
Comparison of the interpreted age distributicn histogram obtained for sample 
BJ200 (Figure 7.27) and the geochronology of the Tennant Creek Inlier (Figure 7.11), 
indicates a strong correlation between the two. The major peak found in this study at 
1837 ± 30 Ma (Table 7.10) is considered to represent rocks intruded into the Tennant 
Creek Inlier during the Barramundi Orogeny. Lesser peaks at 1687 ± 34 Ma and 1721 ± 
26 Ma in Figure 7 .27 are equivalent in age to volcanics of the Hatches Creek Group and 
the Warrego and Gosse River East Granites. The number of grains in these smaller peaks 
is however considerably greater than would be expected from sediment derived directly 
from the Tennant Creek Inlier. This difference suggests that there is a second 
protosource area for sand in sample BJ200. 
The large peak at 1980 ± 34 Ma and smaller ones at - 2100, - 2200 and - 2300 
Ma found in sample BJ200 are thought to correspond to the older inherited crustal 
material defined by Compston (1994). 
The Northern Province of the Arunta Block, which lies to the southwest of the 
sample location, has a geochronology which suggests that it may also have been a 
protosource for some of the Sediment in sample BJ200. The expected age distribution 
histogram of zircon grains from the Northern Province of the Arunta Block is shown in 
Figure 7. l 3a and is characterised by up to four phases of crustal formation spanning an 
age range of 1860 - 1400 Ma. From Figure 7. l 3a it is seen that the time of major crustal 
formation is younger than that in the Tennant Creek Inlier, and was at its maximum from 
1800 - 1770 Ma associated with the Hardy and Wabudali Tectonic Events. Subsequent 
phases of magmatic activity have been recorded at - 1750 Ma (Strangways Event), 
-1635 Ma (Andrew Young Complex) and -1567 Ma (Chewings Orogeny). Young et al. 
(in press) observed zircon inheritance in their study of the northwest Arunta Block with 
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ages ranging from 1850 - 3450 Ma and believed these grains documented the presence of 
Middle-Late Archaean crust as a source for zircons. 
(3) 
(1) (3) 
(2) (3) 
0 600 1200 1800 
BJ200 
(73 grains) 
(1) 
2400 
(1) 
3000 
Figure 7.27: Sample BJ200, Tanami Desert. Cumulative probability histograms of 
interpreted ages (in Ma). Boxes refer to age peaks given in Table 7 .10. 
A comparison between the times of major crustal events in the Northern Arunta 
Province (Figure 7.13a) and the peaks in the major population of sample BJ200 (Figure 
7 .28), shows a fair correspondence between the two. Although the maximum crustal 
formation event in Figure 7. l 3a is not recorded as a separate peak in Table 7 .10, it is 
considered that it may be hidden by, and be contributing to, the major peak at 1837 ± 30 
Ma. The continuum of ages in Figure 7.27, as evidenced by peaks at 1687 ± 34 Ma and 
1721 ± 26 Ma, may correspond to rocks associated with the Strangways Event, the 
Andrew Young Complex and the Chewings Orogeny in the Northern Arunta Province. 
The grains of age > 1900 Ma in sample BJ200 may have been in part derived 
from Middle - Late Archaean crust as was suggested by Young et al. (in press) to be the 
case in the Arunta Block. 
Apart from the major 1500 - 2300 Ma peak in sample BJ200, the remainder of 
grains (13) fall in the age range 200 - 1150 Ma. It is difficult to ascribe protosources to 
these grains due to the limited number of analyses involved. However the following 
comments can be made. The three grains of age - 1100 Ma in Figure 7 .27 may be related 
to rocks associated with the "Ormiston Event" in the Southern and Central Arunta 
Provinces, which have been dated from 900 - 1150 Ma (Figure 7.13b). Similarly the 
small number of grains (three) observed in this study of age - 550 Ma may represent 
material formed during late stage igneous crystallisation in the Harts Range region of the 
Central Arunta Province (Mortimer et al., 1987). 
1. 
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The protosource regions for the remainder of grains of age 200 - 900 Ma in 
sample BJ200 are difficult to ascertain. It is considered that these grains may have been 
derived from protosources large distances away from the present sample location. 
To summarise, the main protosources for sample BJ200 are rocks of the Tennant 
Creek Inlier and the Arunta Block. It is difficult to determine the relative inputs from 
each of these areas because of overlaps in their geochronologies. However, on the basis. 
of their expected age distribution histograms (Figures 7.11 and 7.13), it is estimated that 
rocks of the Tennant Creek Inlier make up -50% of the total grains analysed, while those 
from the Arunta Block contributed - 45%. The protosource areas for the remaining -
5% of grains in sample BJ200 are uncertain at this time. 
7.5.2. Strzelecki Desert 
7 .5.2.1. Introduction 
Lying to the immediate southeast of the Simpson Desert, the longitudinal dunes 
of the Strzelecki Desert form part of a complex assemblage of aeolian and fluvially 
derived features. The fluvial features include large salt lakes such as Lakes Gregory, 
Blanche, Callabonna and Frome, and the watercourses of Cooper Creek and its 
tributaries. One of these tributaries is the intermittently active Strzelecki Creek, which 
divides from Cooper Creek near Innamincka, before flowing southeast towards Lake 
Blanche. 
Strzelecki Creek runs approximately parallel to the direction of dune elongation 
in the Strzelecki Desert and divides the dunefield into two roughly equal parts. To the 
west of Strzelecki Creek, dunes are oriented north/northwest and are characteristically 
pale in colour (7.5 YR). In contrast to this, dunes to the east of the creek are oriented 
north/northeast and are a deeper red colour (2.5 YR). These differences between the two 
areas of the Strzelecki Desert have been discussed in Chapter 4.6, and in previous studies 
by Breed and Breed (1979) and Wasson (1983a). Samples SP60 and SP53 were selected 
from longitudinal dunes lying to the east and west of Strzelecki Creek respectively. 
Analysis of the zircon age distributions from these samples was undertaken to determine 
whether the differences observed between the two regions are due to variations in 
protosource area or to differences in their sedimentary histories. 
7.5.2.2. Sample analysis and discussion of protosource areas 
7.5.2.2.A SP60 ·central Strzelecki Desert (east of Strzelecki Creek) 
The location of sample SP60 (28° 09' S ; 140° 45' E) to the east of Strzelecki 
Creek, is approximately 30 km southeast of the town of Innamincka. The northern 
margin of the Adelaide Geosyncline lies - 190 km to the south, while the Musgrave and 
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Arunta Blocks and the New England Fold Belt are 650 km to the west, 610 km to the 
northwest and 900 km to the northeast, respectively. 
Seventy three zircon grains from sample SP60 define an interpreted age 
distribution histogram (Figure 7.28) dominated by a well defined peak at - 300 Ma. This 
major peak is flanked by minor ones at - 120 and - 420 Ma and a cluster of small peaks 
in the age range of 475 - 680 Ma. The remainder of the age distribution histogram in 
Figure 7.28 is made up of small peaks(< 3 grains) with ages ranging between 774 and 
2545 Ma. 
The combination of peaks from 100 - 450 Ma makes up 68% (50 of 73 grains) of 
the total grains analysed. As was discussed earlier in this chapter (sample SP221 ), grains 
in this age range are commonly found in rocks of the Tasman Orogenic System. The 
expected age distribution histograms of zircon grains from the Tasman Orogenic System 
are shown in Figures 7.19 - 7.21 and 7.17 while Table 7.8 shows the times of major 
magmatic activity in each of the individual fold belts. 
SP60 - East of Strzelecki SP53 - West of Strzelecki 
Creek Creek 
Age Peak ± Error (Ma) Age Peak ± Error (Ma) 
121 ± 12 (n = 11) 133 ± 32 (n = 4) 
245 ± 12 (n = 8) 251±28(n=6) 
302 ± 10 (n = 26) 
424 ± 12 (n = 5) 450 ± 36 (n = 8) 
489 ± 18 (n = 5) 
604±18(n=4) 567 ± 18 (n = 9) 
668 ± 56 (n = 3) 
Table 7.11: Samples SP60, SP53: Interpreted age peaks in the range 100 - 700 Ma 
(calculated using the Mix Program) and their suggested correlations between samples. 
Peak positions and errors (at 95% confidence limit) used in Figure 7.28. Total number of 
grains analysed in SP60 (73) and SP53 (42).Within the age range tabulated here, samples 
SP60 and SP53 both contain a further 3 grains which do not fall into the populations 
listed and do not form any independantly significant peaks (see Chapter 7.2.4). 
From a comparison of Table 7. 8 and the peak positions within sample SP60 
(Table 7.11), it is suggested that the main protosources for grains in the 100 - 450 Ma 
age population are rocks of the New England Fold Belt and Georgetown Inlier. The 
peaks observed in sample SP60 at 121 ± 12 Ma, 245 ± 12 Ma and 302 ± 10 Ma may 
correlate with the three magmatic episodes seen in the New England Fold Belt. Similarly 
peaks at 245 ± 12 Ma I 302 ± 10 Ma, 424 ± 12 Ma and - 1590 Ma may relate to events 
in the Georgetown Inlier. A smaller input from protosources in the Adelaide Geosyncline 
is indicated by the peak at 489 ± 18 Ma, and by 3 analysis between 500 and 800 Ma. It is 
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possible that the Lachlan Fold Belt has contributed minor amounts of material to the 
peaks at 121 ± 12 Ma and 424 ± 12 Ma. 
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Figure 7.28: Samples SP60, SP53, Strzelecki Desert. Cumulative probability 
histograms of interpreted ages (in Ma). Boxes refer to age peaks given in Table 
7.11. 
The cluster of ages in the range 475 - 680 Ma seen in Figure 7.28, make up 10% 
(7 of 73 grains) of the total grains analysed. Except for granites associated with the 
Delamerian Orogeny in the Adelaide Geosyncline, rocks of this age are uncommon 
across the whole of eastern Australia. Milnes et al. (1977) have dated Delamerian 
granites from the Adelaide Geosyncline which lie in the age range of 459 - 515 Ma, while 
rutiles from pegmatites in the Mount Painter Block give ages of - 550 Ma (C. M. 
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Fanning, pers. commun., 1994). Although this Delamerian-aged material may be 
comparable with the younger-aged material in the 475 - 680 Ma cluster, it does not 
explain the peaks at > 600 Ma. This older material is suggested to have been derived 
from "exotic" sediments in the Tasman Orogenic System as shown in Figures 7.17 and 
7.20 - 7.21. Similarly, the small number of grains (three) in sample SP60 of age 1050 -
1150 Ma may represent the 1000 - 1200 Ma peak associated with these "exotic" 
sediments. 
The remaining 11 grains in sample SP60 are scattered through the age range from 
770 - 2550 Ma (Figure 7.28), and may have been derived from numerous different 
protosources. Of these, areas within and adjacent to the Adelaide Geosyncline are 
considered to be the most likely because of their nearby topographic location. The 
northern part of the Adelaide Geosyncline is made up of the basement areas associated 
with the Curnamona Craton. The expected age distribution histogram from this area, and 
that of the Gawler Craton, are shown in Figures 7 .15 and 7 .16. Both of these histograms 
contain peaks at - 1600 - 1550 Ma corresponding to major periods of magmatic activity. 
Such activity may be represented in sample SP60 by ~he grains of age - 1590 Ma. The 
presence of material derived from the Gawler Block is also indicated by grains in the age 
ranges corresponding to the Kiinban Orogeny (1850 - 1700 Ma) and to the Sleafordian 
Orogeny (2640 - 2300 Ma). It is considered that although these grains were derived from 
protosources in the Curnamona and Gawler Cratons, they may well have been eroded 
most recently from sediments within the Adelaide Geosyncline. The expected age 
distribution histogram from the Adelaide Geosyncline (Figure 7 .17) shows peaks 
corresponding to sediments inherited from not only the Curnamona and Gawler Cratons 
but also from "exotic" sediments. 
In summary therefore, sample SP60 has received large amounts of material from 
protosources in the Georgetown Inlier and New England Fold Belts, and smaller inputs 
from "exotic" sediments within the Tasman Orogenic System. The Gawler and 
Curnamona Cratons, along with the Adelaide Geosyncline, are also thought to represent 
minor protosource areas to the area. The relative inputs from these sources will be 
discussed later in conjunction with the results from sample SP53. 
7 .5.2.2.B. SP53 · central Strzelecki Desert (west of Strzelecki Creek) 
Sample SP53 was collected from a longitudinal dune lying to the west of 
Strzelecki Creek (28° 18' S; 140° 13' E), - 55 km east of sample SP60. 
The interpreted age distribution histogram (Figure 7 .28) of 42 grains from sample 
SP53 is characterised by three major populations in the age ranges of 200 - 300 Ma, 400 
- 500 Ma and 500 - 600 Ma. These populations make up 78% (33 of 42 grains) of the 
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total grains analysed Outside of these populations, grains display a variety of ages 
between 845 and 2408 Ma. 
This pattern in the age distribution histogram of sample SP53 is similar to that 
which was observed from sample SP60. The possible correlations between the peak 
positions of the two samples are shown in Table 7 .11. From this table and Figure 7 .28, it 
is suggested that the protosource areas for both samples SP53 and SP60 are 
predominantly the same. 
However, distinct differences between the two samples are observed in the 
relative percentage of grains in the age peaks between 250 and 700 Ma (Figure 7 .28). 
The dominant peaks in sample SP53 were found at 251 ± 28 Ma (14%), 450 ± 36 Ma 
(20%) and 567 ± 18 Ma (21 % ), which compares with those at 245 ± 12 Ma ( 11 % ) and 
302 ± 10 Ma (36%) in sample SP60. Clearly, while the percentage of grains in the - 250 
Ma population is comparable in both samples, grains in the age range 400 - 700 Ma are 
more common in sample SP53. Conversely the - 300 Ma peak is far stronger in sample 
SP60. These differences indicate .variations in the amount of sediment which was 
transported from each of the protosource areas into the two sample regions. 
Grains of age - 360 - 450 Ma are most commonly found in the area of the 
Lachlan Fold Belt, suggesting that it has contributed significant amounts of material to 
sample SP53. The large. peak at 567 ± 18 Ma in sample SP53 is thought to record 
. . 
. "exotic" sediments derived most recently from areas within the Tasman Orogenic 
System. The increased percentage of these grains, and also of those in the associated 
1000 - 1200 Ma age range (7%, 3 grains) indicates that rocks of the Tasman Orogenic 
System represent a more important protosource to sample SP53 than they do to SP60. In 
comparison to this, rocks of the Georgetown Inlier and New England Fold Belt may be a 
less significant source of material to· sample SP53. 
As was the case in sample SP60, it is suggested that the small number of grains 
(ten) scattered in the age range 850 - 2500 Ma in sample SP53 have been derived from 
protosources in and around the Adelaide Geosyncline or from the southwest Pacific 
Gondwana region. These grains may, in many instances, represent material initially 
crystallised in these protosources and later re-worked into other basement areas. 
Table 7.12 shows the protosource areas for the Strzelecki Desert sands and gives 
an estimate of their relative inputs to the individual samples. It is pointed out that grains 
in sample SP60 which are not ascribed to any particular protosource area form part of 
the 302 ± 10 Ma peak and as such probably were derived from either the Georgetown 
Inlier and New England Fold Belt. However on the basis of the relative percentages from 
the expected age distribution histograms from these areas (Figures 7.19 and 7.20) this 
peak is too large to be adequately explained by either or both protosource areas. This 
unusually large population of grains at 302 ± 10 Ma indicates that the present extent of 
rocks of this age does not accurately reflect that at the time of their formation. These 
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rocks may have been extensively eroded and therefore have contributed significant 
amounts of sediment to the Strzelecki Desert. 
Protosource Area east of Strzelecki west of Strzelecki 
Creek Creek 
SP60 (73 2rains) SP53 (43 2rains) 
New England Fold Belt 38% (28 grains) 21 % (9 grains) 
Lachlan Fold Belt 5% (4 grains) 21 % (9 grains) 
Georgetown Inlier 14% (10 grains) 4% (2 grains) 
"exotic" sediments - ?? 
southwest Pacific 15% (11 grains) 26% (11 grains) 
Gondwana region ?? 
Gawler and Curnamona 10% (7 grains) 14% (6 grains) 
Cratons 
Adelaide Geosyncline 4% (3 grains) 12% (5 l!rains) 
Unknown 14% (10 grains) 2% (1 grain) 
Table 7.12: Protosources for samples from east and west of Strzelecki Creek in the 
Strzelecki Desert and their calculated percentage inputs. 
Variations in the percentage inputs from the five protosource areas to samples 
SP60 and SP53 suggest that sands to the east and west of Strzelecki Creek were derived 
from two different sediment bodies with distinct initial compositions. These 
compositional variations may be reflected in the sharp colour changes in samples taken 
from either side of Strzelecki Creek which were observed in Chapter 4.6.1. 
7 .5.3 Implications of zircon provenance studies in the Simpson and Strzelecki 
Deserts 
U-Pb dating of zircon grains separated from sands of the Simpson and Strzelecki 
Deserts indicates that their sediments have been derived from numerous protosource 
areas. These areas can· be divided into three main regions: 
1) the northern Australian fold belts, which include rocks of the Tennant Creek 
and Mount Isa Inliers to the north, and the central Australian Arunta and Musgrave 
Blocks. 
2) the Tasman Orogenic System, including the Georgetown Inlier and the New 
England and Lachlan Fold Belts 
3) the South Australian Highlands, which are made up of the Gawler and 
Curnamona Cratons and the rocks of the Adelaide Geosyncline. 
All of the sand samples examined from the Simpson and Strzelecki Deserts were 
found to have been derived from at least one of these regions and, in several cases, to 
have come from a combination of all three. The relative percentage inputs from each of 
the protosource areas are discussed in Chapter 7.5.1 and 7.5.2. The transport of sand 
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into the Simpson and Strzelecki Deserts is ultimately related to the formation, uplift and 
erosion histories of each of the protosource regions, which are discussed in Appendix V. 
Samples from the northern and northwestern Simpson Desert (ABH62A, CTJ98 
and BJ200) are believed to be made up of sediments primarily eroded from the northern 
Australian fold belts. Of these protosource areas, the most important are the Arunta and 
Musgrave Blocks, which together underlie the current Central Australian Highlands. 
Sedimentary transport from these areas began during the Petermann Ranges Orogeny (-
575 Ma), when the Musgrave Block was uplifted depositing - 6 km of coarse detritus 
into the Amadeus and Ngalia Basins to the north. Veevers (1984) has suggested that 
similar intervals of coarse sediment in these basins reflect subsequent periods of uplift of 
the Musgrave Block during the Ordovician. During the Alice Springs Orogeny (360 Ma), 
faulting and uplift in the Musgrave and Arunta Blocks and in the northern Amadeus 
Basin resulted in the deposition of the Finke Group into the Eromanga Basin, and the 
Dulcie Sandstone and Cravens Peak Beds into the Wiso Basin to the northeast. The 
Finke Group is made up of material from the Musgrave and Arunta Blocks and also 
sediment re-worked from the Amadeus Basin, while the Dulcie Sandstone and Cravens 
Peak Beds contain predominantly Arunta Block material (Veevers, 1984) (Figure V.lC). 
Following the culmination of uplift in the Central Australian Highlands, glacial 
transport during the Permian (300 Ma) carried large quantities of sediment from this 
area, and probably also the Mount Isa Block, into the Pedirka and Cooper Basins· 
(Wopfner, 1981) (Figure V.lD). 
It is anticipated that during these phases of uplift and erosion in the northern 
Australian fold belts, ancestors of the Finke, Hale and Georgina Rivers deposited 
material into the areas from which samples ABH62A and CTJ98 (Eromanga Basin) and 
BJ200 (Wiso Basin) were taken. Similar uplift and erosion within the Tennant Creek and 
Mount Isa Inliers is thought to have contributed sediment to samples BJ200 and CTJ98 
respectively. Recent fluvial activity along the Finke, Hale and Georgina Rivers (Figure 
4.1) may also have transported sediment into the northern and northwestern Simpson 
Desert, although this input is considered to be of only minor importance. These rivers 
form part of the internal drainage to Lake Eyre, and at present, are active only during 
times of flood. The intermittent nature of the present Finke, Hale and Georgina Rivers is 
in direct contrast to the greater activity of their ancestors. 
Samples from the southern Simpson and Strzelecki Deserts (SP221, SP53 and 
SP60) are believed to be made up of material primarily from the Tasman Orogenic 
System. This system is characterised by quartzose sediments mixed with granites and 
volcanics, which were deposited by the almost continuous activity of a magmatic arc 
from -550 - -90 Ma. The quartzose sediments within the Tasman Orogenic System 
contain large amounts of material which is considered as "exotic" to present day 
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continental Australia The origin of this "exotic" material has been discussed previously in 
Chapter 7.4.3 and in Appendix IV. 
Movement of material from the Tasman Orogenic System began in the Late 
Carboniferous, with minor sediment transport from the New England Fold Belt into 
precursors of the Eromanga Basin to the west. Larger scale sediment transport from this 
area however, began during the Jurassic, with vast quantities of labile volcanogenic 
sediment deposited up to 1000 km to the west (Figure V.2A). Following a short hiatus in 
volcanism in the late Jurassic, quartz sand from the edge of the Eromanga and Surat 
Basins covered the entire Eromanga Basin, depositing the Algebuckina and Mogga 
Sandstones to the west and east of the basin respectively. 
Uplift of the entire Tasman Orogenic System at - 95 Ma formed the Eastern 
Highlands along the eastern continental margin of Australia, and shed vast amounts of 
sediments to the southwest, down the ancestral Diamantina River and Cooper Creek 
towards the Ceduna Depocentre (Jones and Veevers, 1983) (Figure V.2C). When this 
transport path was blocked at - 60 Ma following uplift of the South Australian 
Highlands (see Appendix V), these sediments were trapped in the Eromanga Basin 
depositing the Eyre Formation. 
At the present time, rivers flowing from the Eastern Highlands (ie Diamantina 
.River, Cooper Creek and their tributaries) still carry significant quantities .of sediment 
into the Simpson and Strzelecki Deserts during times of flood (Figure 7 .18). This 
sediment will contain material re-worked from Jurassic and Cretaceous sandstones and 
mudstones in southwestern Queensland. 
The presence of significant amounts of material from the central Australian 
Arunta and Musgrave Blocks in sample SP221 suggests that sediments from these areas 
have been re-worked and carried into the Lake Eyre Basin. The extremely complex 
nature of the age histogram from sample SP221 reflects its location near the Lake Eyre 
Basin, which forms the terminus for the vast internal drainage system of central 
Australia, and therefore receives sediment from a large number of different protosource 
areas. 
To the south of the Lake Eyre Basin and samples SP221, SP60 and SP53, are the 
rocks of the Gawler and Curnamona Cratons and the Adelaide Geosyncline, which 
together make up the South Australian Highlands. These highlands have undergone 
intermittent periods of uplift since the Early Cambrian, when the Delamerian Orogeny 
was marked by the deposition of the Lake Frome Group into the Eromanga Basin 
(Veevers, 1984). Thornton (1979) has suggested that Late Carboniferous to Triassic 
sediments in the Cooper Basin may reflect periods of uplift in the South Australian 
Highlands, while the Early Cretaceous Cadna-owie Formation in the western Eromanga 
Basin contains volcanic rock fragments which are believed to be derived from the Gawler 
Range Volcanics of the Gawler Craton (Veevers, 1984). 
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As mentioned earlier, significant deposition of sediment into the southern 
Simpson and Strzelecki Deserts occurred following the major uplift of the South 
Australian Highlands in the Palaeocene (- 60 Ma). This uplift, which effectively dammed 
flow from the Eastern Highlands to the Ceduna Depocentre, also resulted in the 
deposition of large amounts of material from the South Australian Highlands into the 
southern Simpson and Strzelecki Deserts (Figure V.2D). The occurrence of gravels in 
the lower Eyre Formation, southern Eromanga Basin, is consistent with a source of 
material from the flanks of the uplifted Olary and Barrier Ranges. These ranges would 
have contained material from not only the Gawler and Curnamona Cratons and Adelaide 
Geosyncline, but probably also rocks of the Lachlan Fold Belt, which lies - 100 km to 
the east. 
The proximity of the South Australian Highlands to the Strzelecki Desert is 
indicated by the increased relative percentage inputs from protosources in this area to 
samples SP60 and SP53. 
In summary therefore, zircons separated from sands in the Simpson and 
Strzelecki Deserts have been derived from many different protosource areas and 
deposited during numerous different episodes. Samples from the Simpson and Strzelecki 
Deserts can however, be separated into two groups on the basis of their zircon 
geochronologies. Those from the northern and northwestern Simpson Desert were 
derived primarily from the northern Australian fold belts (including the central Australian 
highlands). In comparison to this, samples from the southern Simpson and Strzelecki 
Deserts originated mainly in protosources in the Tasman Orogenic System, with a lesser 
input from rocks of the South Australian Highlands. Material was transported from the 
Tasman Orogenic System into the southern Simpson and Strzelecki Deserts via the 
ancestral Diamantina River and Cooper Creek and their tributaries. 
Differences between these two groups in the Simpson and Strzelecki Deserts 
have also been observed in the studies of their colour, grainsize and heavy mineral 
characteristics, described in Chapter 4. 
7.6. U!Pb ZIRCON DATING OF MALLEE DUNEFIELD SANDS 
7.6.1. Introduction 
Overlying sediments of the Murray Basin in southeastern Australia, the Mallee 
Dunefield is characterised by two main aeolian landforms. These are differentiated on the 
basis of their dune morphology (see Chapter 5.2) into the Woorinen Formation and the 
Lowan Sand (Lawrence, 1966; Bowler and Magee, 1978). Aside from the obvious 
morphological differences, dunes of the Woorinen Formation and the Lowan Sand, show 
distinct variations in their mineralogical composition (see Chapter 5.6). Sands from the 
Woorinen Formation have been found to contain significant quantities of clays and 
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carbonates (Churchward, 1963a, b), while those from the Lowan Sand are more silicious 
in nature. These compositional variations have led to much discussion on the sources of 
sand for the two formations (see discussion in Chapter 5.5). 
In this study, samples have been selected from both the Lowan Sand and 
Woorinen Formation, and the question of their protosource areas examined using U-Pb 
dating of single zircon grains. 
7 .6.2. Sample analysis and discussion of protosource areas 
7.6.2.A. SP95 - Woorinen Formation 
Sample SP95 was collected from the crest of a longitudinal dune within the 
Woorinen Formation of far western Victoria. The sample location (35° 10' S ; 141° 53' 
E) is shown in Figure 7 .1 and lies 35 km west of the town of Ouyen, equidistant from the 
Big Desert and Sunset Country lobes of the Lowan Sand (Figure 5.2). This area, which 
is underlain by sediments of the western Murray Basin (Chapter 5.3), is - 240 km west 
of the Adelaide Geosyncline and - 200 km northwest of the southeastern Lachlan Fold 
Belt. 
Eighty two zircon grains fr~m sample SP95 range in age from 120 - 3430 Ma and 
define an interpreted U-Pb age distribution histogram characterised by a large population 
of grains in the.age range 100 - 700 Ma, and smaller populations centred on -1100 Ma 
. and 1670 Ma (Figure 7.29). 
The dominant population from 100 - 700 Ma in sample SP95 makes up 73% (60 
of 82 grains) of the total grains analysed and can be divided into the peaks shown in 
Table 7 .13. It is believed that these peaks correlate with the ages of protosource rocks 
within the southeastern Tasman Orogenic System (Table 7.8). The geochronology of this 
system has been discussed previously in Chapter 7.5.2 (samples SP221, SP60, SP53) and 
is summarised as expected age distribution histograms in Figures 7 .17 and 7 .19 - 7 .21. 
Of most interest to this investigation are the rocks of the Lachlan and New England Fold 
Belts, and those of southeastern South Australia (Adelaide Geosyncline). As can be seen 
in Table 7.8 and Figure 7.21, the major crust forming events in the Lachlan Fold Belt 
occurred from 360 - 450 Ma with the emplacement of major granite batholiths in the 
area. These batholiths are considered to be an important protosource of grains which 
together form the peak at 423 ± 8 Ma in sample SP95 (Figure 7.29). A second period of 
magmatic activity during the Cretaceous deposited minor amounts of material in the 
southeastern Lachlan Fold Belt. This Cretaceous activity may be recorded as peaks at 
141 ± 8 Ma, and 181 ± 12 Ma, although it is thought that the majority of grains of this 
age are probably derived from the New England Fold Belt. 
Granitic and volcanic rocks from the New England Fold Belt were emplaced 
during three major phases of magmatic activity. These phases are seen in Table 7.8 and 
Figure 7.21 as peaks from 300 - 270 Ma, 255 - 225 Ma and 135 - 95 Ma. It is suggested 
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that these episodes of crustal formation are recorded in the age distribution histogram of 
sample SP95 (Figure 7.29) as the peaks at 141 ± 8 Ma, 181±12 Ma and299 ± 16 Ma. 
SP95 - Mallee Dunefield SP135 - Mallee Dunefield 
W oorinen Formation L-Owan Sand 
Age Peak ± Error (Ma) Age Peak ± Error (Ma) 
105 ± 4 (n = 4) 
141±8 (n = 5) 142 ± 8 (n = 3) 
181±12 (n = 3) 
226±16(n=4) 
299 ± 16 (n = 8) 300 ± 10 (n = 4) 
423 ± 8 (n = 12) 400 ± 10 (n = 6) 
503 ± 8 (n = 14) 538 ± 8 (n = 5) 
578 ± 6 (n = 9) 572 ± 10 (n = 6) 
684 ± 8 (n = 7) 643 ± 8 (n = 8) 
749 ± 44 (n = 3) 
960 ± 32 (n = 4) 
1079 ± 42 (n = 5) 1019 ± 54 (n = 4) 
1151±60(n=4) 
1352 ± 82 (n = 4) 
1667 ± 128 (n = 4) 1634 ± 30 (n = 3) 
1703 ± 96 (n = 3) 
Table 7.13: Samples SP95, SP135: Interpreted age peaks in the range 100 - 1750 Ma 
(calculated using the Mix Program) and their suggested correlations between samples. 
Peak positions and errors (at 95% confidence limit) used in Figure 7.29. Total number of 
grains analysed in SP95 (82) and SP135 (76). Within the age range tabulated here, 
samples SP95 and SP135 contain a further 6 and 7 grains respectively which do not fall 
into the populations listed and do not form any independantly significant peaks (see 
Chapter 7.2.4). 
Towards the margin of the Tasman Orogenic System, granitic rocks of Early 
Palaeozoic age outcrop over a wide area of southeastern South Australia and western 
Victoria. These granitoids form part of the Padthaway Ridge in the east of the Murray 
Basin, and extend along the eastern flank of the Mount L-Ofty metamorphic belt in the 
Adelaide Geosyncline (Figure 5.1). The expected age distribution histogram of the 
Adelaide Geosyncline is shown in Figure 7.21, and contains peaks corresponding to 
crustal formation at 490 - 550 Ma (Padthaway Ridge area granites), and at 750 - 850 
Ma. The large peak at 503 ± 8 Ma seen in Figure 7.29 and Table 7.13, indicates that 
granitic material from the Padthaway Ridge area has contributed significant sediment to 
sample SP95, while a single sample at - 790 Ma may correspond to the earlier magmatic 
event. 
As has been seen in many of the previous samples examined from eastern 
Australia (SP221, SP60, SP53 and SP32), the age distribution histogram of sample SP95 
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records a major population in the range of 500 - 700 Ma and a smaller one in the range 
of 1000 - 1200 Ma. This combination of grain ages is found in sediments throughout the 
Tasman Orogenic System (see Figures 7.17 and 7.19 - 7.21), and is believed to be 
associated with material derived from "exotic" areas, perhaps within the southwest 
Pacific Gondwana region. 
SP95 
Woorinen Formation 
(82 grains) 
(2) 
(2) 
o·· 700 1400 2100 2800 3500 
0 700 1400 2100 
SP135 
Lowan Sand 
(78 grains) 
1) 
2800 
Figure 7.29: Samples SP95, SP135, Mallee Dunefield. Cumulative probability 
histograms of interpreted ages (in Ma). Boxes refer to age peaks given in Table 
7.13. 
3500 
In the age distribution histogram of sample SP95, 15% of grains (12 of 82) are 
greater than 1400 Ma in age. Both the geochronology of these grains and the geographic 
location of the sample area suggest they were probably derived from protosources in the 
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nearby Gawler and Curnamona Cratons. The geochronology of the areas has been 
described previously in Chapter 7 (samples SP32, SP53 and SP60) and Appendix V and 
is summarised in the expected age histograms Figures 7.15 and 7.16. In the Gawler 
Craton, crustal formation was largely associated with two main orogenic events. The 
earlier of these, the Sleafordian Orogeny, occurred between 2640 and 2300 Ma, with 
protolith ages of 3070 - 2680 Ma (Daly and Fanning, 1990). Rocks associated with this 
orogenic event may be the protosources for the grains of age - 2700 Ma found in sample 
SP95. In both the Gawler and Curnamona Cratons significant magmatic activity has been 
recorded at - 1690 Ma and is thought to be the protosource for the peak at 1667 ± 128 
Ma in Figure 7.29. Single grains from sample SP95 of age - 1840 Ma and - 2070 Ma 
possibly correspond to rocks of the Gawler Craton, and are associated with the Kimban 
Orogeny and Miltalie Gneiss respectively. 
In summary therefore, there are at least five protosources for sample SP95. These 
include both crustal material from within the New England and Lachlan Fold Belts and 
the Adelaide Geosyncline, as well as "exotic" sediments most recently eroded from 
within the Tasman Orogenic System. The Gawler and Curnamona Cratons have 
contributed small amounts of sediment to the sample, although this may represent 
material which has been re-worked from intermediate sources within the Adelaide 
Geosyncline. The percentage inputs from each of these areas will be discussed in Chapter 
7.6.2. 
7.6.2.B. SP135 - Lowan Sand 
Sample SP135 was collected from the crest of one of a series of low, sub-
parabolic dunes which together make up the Big Desert lobe of the Lowan Sand. The 
sample location (35° 46' S ; 140° 48' E) lies - 120 km to the west-southwest of sample 
SP95 and- 115 km to the east-northeast of the Southern Ocean. 
The U-Pb ages of 76 zircon grains from sample SP135 define an interpreted age 
distribution histogram characterised by a large population of grains in the range 100 -
700 Ma, a smaller population between 850 and 1200 Ma and minor peaks centred on -
1400 Ma, 1650 Ma and 2300 Ma (Figure 7.29). The dominant population from 100 -
700 Ma makes up 55% (42 of 76 grains) of the total grains analysed and comprises a 
number of individual peaks which together span the entire age range. The smaller 
population from 850 - 1200 Ma contains 16% (12 of 76) of grains analysed, while the 
minor peaks at - 1400 Ma, 1650 and 2300 Ma constitute 5% (four grains), 8% (six 
grains) and 7% (five grains) of the total respectively. 
The pattern in the age distribution histogram of sample SP135 is similar to that 
which was observed in sample SP95. The correspondence observed between the peak 
positions of samples SP95 and 135 in both Table 7 .13 and Figure 7 .29 indicates that the 
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protosource areas for these samples are largely the same. The main variations in the age 
distribution histograms between the two samples are related to the percentage of grains 
in the different peaks and to the total number of grains> 1200 Ma in age. 
It can be seen from Table 7.13 that grains of age 500 - 700 Ma make up 37% of 
zircons from sample SP95 (30 of 82 grains) and 25% from sample SP135 (19 of 76 
grains). If we assume that grains of this age are derived from protosources in the 
southwest Pacific Gondwana region or from the Delamerian granites of southeastern 
Australia, then it would appear that sample SP95 has received a greater percentage of its 
overall sediment from these areas. This rationale is supported by a comparison of the 
percentage abundance of grains in the age range 1000 - 1200 Ma. Ireland et al. (1994) 
have suggested that grains of this age are found associated with the 500 - 700 Ma peak 
in sediments of the southwest Pacific Gondwana region. In sample SP95, these grains 
form 11 % of the total grains analysed (9 of 82 grains), while in sample SP135, they 
constitute 8% of the total (6 of 76 grains). 
The other main difference observed between the two samples from the Mallee 
Dunefield is the total number of grains in the age ran~es 750 - 900 Ma, and> 1400 Ma. 
In sample SP95 such grains make up 15% of the total sample analysed (12 of 82), while 
in sample SP135, 25% of grains (19 of 76) are found in these age ranges. It has been 
suggested for sample SP95, that the majority of grains of these ages were derived from 
protosources around the Adelaide Geosyncline, including the Gawler and Cumamona 
Cratons. Their greater abundance in sample SP135 may suggest that these protosources 
have contributed more of the overall sediment to this area than that of sample SP95. 
As was suggested earlier, the protosources for sample SP135 are thought to be 
the same as in sample SP95. Differences between the two samples are mainly related to 
the relative inputs from each of these protosources and will be discussed in Chapter 
7.6.3. 
7.6.3. Implications of zircon provenance studies in the Mallee Dunefield 
The results of U-Pb zircon dating studies carried out on samples SP95 and SP135 
indicate that there have been at least five protosources to the Mallee Dunefield, which 
are common to both its aeolian formations. These include the Lachlan and New England 
Fold Belts of eastern Australia, the Adelaide Geosyncline and the Gawler and 
Cumamona Cratons. The first three of these areas contain "exotic" sediments, derived 
from areas outside the Tasman Orogenic System. The estimated percentage abundance 
of grains from each of the different protosources found in samples from the Woorinen 
Formation (SP95) and the Lowan Sand (SP135) are shown in Table 7.14. It is important 
to remember at this stage, that these percentages are based on the analysis of only one 
sample from each formation and may not therefore be characteristic of that formation as 
a whole. 
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It is noted also that the estimated percentage abundances in Table 7 .14 are 
calculated on the basis of the age ranges for crustal activity in the Tasman Orogenic 
System tabulated in Table 7 .8, and the expected age distribution histograms featured in 
Chapter 7.3. Implicit in this calculation is the possibility that some errors may be 
introduced due to overlap in age ranges. This is particularly the case at - 500 Ma, where 
the estimated range for the protosources of "exotic" sediments overlaps with the age of 
Delamerian granitoids in southeastern South Australia. 
In Table 7.14 "exotic" sediments, which have most recently been eroded from the 
New England and Lachlan Fold Belts and the Adelaide Geosyncline, are distinguished 
from magmatic activity in these areas. Similarly grains from the Gawler and Curnamona 
Cratons which may have been inherited by the Adelaide Geosyncline are considered to be 
derived from their original protosource areas. 
Protosource Area Woorinen Formation Lowan Sand 
SP95 (82 grains) SP135 (76 grains) 
New England Fold Belt 20% (16 grains) 17% (13 grains) 
Lachlan Fold Belt 17% (14 grains) 11 % (8 grains) 
"exotic" sediments - ?? 
southwest Pacific 34% (27 grains) 25% (19 grains) 
Gondwana region ?? 
Adelaide Geosyncline 13 % (10 grains) 17% (13 grains) 
Gawler and Curnamona 15% (12 grains) 25% (19 grains) 
Cratons 
Unknown 1 % (1 grain) 5% (4 grains) 
Table 7.14: Protosources for the different aeolian units within the Mallee Dunefield 
and their calculated percentage inputs. 
From this table, it can be seen that the Woorinen Formation (SP95) contains a 
large percentage of material from the Lachlan and New England Fold Belts and a lesser 
input from the Adelaide Geosyncline and surrounding cratonic areas. The converse is 
true for the Lowan Sand (SP135), with the Gawler and Curnamona Cratons and the 
Adelaide Geosyncline being the dominant protosource areas. "Exotic" sediments, are 
more common within the W oorinen Formation, but do still make up a significant 
percentage of the Lowan Sand. Before attempting to interpret the significance of these 
variations, it is important to consider the mechanisms of sediment transport from the 
protosource areas into the Murray Basin and hence the Mallee Dunefield. 
Deposition of sediment into the Murray Basin from protosource areas to the east 
occurred following erosion of material from the Eastern Highlands. These highlands, 
which overlie the eastern and southern parts of the Tasman Orogenic System, are 
believed to have been thermotectonically rejuvenated following the breakup of 
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Gondwanaland in the Cretaceous (Jones and Veevers, 1983). Following this tectonic 
rejuvenation, the Eastern Highlands deposited large quantities of sediment down the 
ancestral River Murray and Darling River and into the Ceduna Depocentre (Figures 7.18 
and V.2B). This sediment included material from granitic and volcanic intrusions in the 
Lachlan and New England Fold Belts, as well as that from "exotic" sources. The 
transport of sediment to the Ceduna Depocentre was cut off by uplift of the South 
Australian Highlands in the Late Cretaceous (- 65 Ma), resulting in the deposition of 
broad sheets of quartz sand into the Murray Basin (see Appendix V; Figure V.2C). 
As discussed in Chapter 5.3 the Cainozoic in tbe Murray Basin was marked by 
repeated marine transgressions and regressions of the Southern Ocean from the west. 
The cyclic influx of material from the west during the periods of transgression, deposited 
sediments into the Murray Basin. These sediments would presumably have contained 
material re-worked from the Padthaway Ridge, the Adelaide Geosyncline and the Gawler 
and Curnamona Cratons, all of which lie to the west of the Murray Basin. 
The sediments which are presently in the Murray Basin were therefore deposited 
in two main ways, and from two associated areas. Firstly, the deposition was of material 
from protosources within the Eastern Highlands (ie Lachlan and New England Fold 
Belts) via fluvial transport down the ancestral River Murray and Darling River. Secondly, 
material was carried from the Adelaide Geosyncline and surrounding cratonic areas into 
the Murray Basin during Cainozoic incursions of the Southern Ocean .. 
The combination of these conclusions with those from the U-Pb zircon dating of 
sands, allows the following statements to be made regarding the development of the 
Mallee Dunefield. The sands of the Woorinen Formation have been derived 
predominantly from protosources to the east of the Murray Basin, while those from the 
Lowan Sand come largely from protosources to the west. There are however, significant 
quantities of sediment from both protosource regions in each of the two aeolian 
formations. This inter-mixing is believed to be due to the re-working of sediments during 
Cainozoic marine incursions and later fluvial events. 
The differences observed between the two aeolian formations may be explained in 
two ways. Firstly, the sample taken from the Lowan Sand (SP135) lies 120 km to the 
west of that taken fron the Woorinen Formation (SP95). This increased proximity to the 
Adelaide Geosyncline may be reflected in the greater proportion of grains from this area 
in the sample from the Lowan Sand. Secondly, the differences may relate to variations in 
the make up of sediments from which the samples were most recently derived. In most 
areas, the Woorinen Formation directly overlies sediments of the Blanchetown Clay and 
Bungunnia Limestone. The fluvio-lacustrine nature of these sediments indicates that they 
were deposited by the ancestral River Murray and Darling River, which flowed into the 
Murray Basin from the Eastern Highlands (Lachlan and New England Fold Belts). 
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In comparison, the majority of the Lowan Sand overlies the Parilla Sand. As 
discussed in Chapter 5.4, the Parilla Sand is a complex mixture of re-worked sediments 
from the Calivil Sand and material blown inland from successive strandline positions 
during the retreat of the Pliocene sea. This latter material probably contained significant 
amounts of sediment re-worked from the Adelaide Geosyncline and nearby cratons and 
subsequently deposited by trangressions of the Southern Ocean into the Murray Basin. 
Similarly the Bridgewater Formation which has been proposed by Wasson (1989) as a 
source for the Big Desert lobe of the Lowan Sand is thought to contain significant 
material from the west 
The variations in the percentage inputs of "exotic" sediments to the Woorinen 
Formation and Lowan Sand are thought to relate to the intermediate sources of these 
sediments. As is shown in Figures 7.17, 7.20 and 7.21 "exotic" sediments make up a 
significant percentage of material from the Lachlan and New England Fold Belts and the 
Adelaide Geosyncline. In total, these three areas contribute 50% and 45% of sand to the 
Woorinen Formation and Lowan Sand respectively. Greater input from these areas 
would also be reflected in an increased percentage of "exotic" sediments as is the case in 
the Woorinen Formation (sample SP95). 
In summary therefore, Lowan Sand has been predominantly derived from 
protosources to the west of the Murray Basin. Sediments from these protosources were 
deposited as the Parilla Sand during marine trangressions, and later re-worked into 
dunes. Conversely, the large proportion of sand in the Woorinen Formation has its· 
protosources in the Lachlan and. New England Fold Belts to the east. Sediment from 
these areas was carried into the Murray Basin by the ancestral River Murray and Darling 
River. These units were later re-worked and deposited as dunes of the Woorinen 
Formation. There has been significant mixing of sediments from both protosource 
regions in each of the two aeolian formations. This inter-mixing is related to re-working 
of sediments during Cainozoic marine incursions and later fluvial events. 
7.7. U/Pb ZIRCON DATING OF GREAT SANDY AND GIBSON DESERT 
SANDS 
7.7.1. Introduction 
The four samples described in this section were selected from sand dunes within 
the Great Sandy and Gibson Deserts and analysed for their U-Pb zircon age distributions. 
The first three of these (CTJ64, BJ103 and BJl 13) were taken from areas of the Great 
Sandy Desert underlain by the Canning Basin, while the fourth (CTJ20) came from the 
western Gibson Desert (Little Sandy Desert), in a region underlain by the Bangemall 
Basin (Figure 7.1). 
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These samples were chosen in order to give a broad coverage of sands in the 
Great Sandy and Gibson Deserts and to examine changes in sand composition in 
transitional areas between different underlying basin areas. Sample CTJ64 was selected 
from a longitudinal dune lying 500 km to the south- southeast of sample BJ103, in a 
direction parallel to dune trend. Sample BJl 13 was taken from the northwest Canning 
Basin, -90 km inside the basin margin, while sample CTJ20 came from a series of 
network dunes - 150 km outside its southwest margin. 
7.7.2. Sample analysis and discussion of protosource areas 
7.7.2.A. CTJ64 - central Canning Basin, Great Sandy Desert 
Sample CTJ64 was collected from one of a series of longitudinal dunes - 11 min 
height, which extend for up to 200 km to the west-northwest in an area underlain by the 
central Canning Basin. The sample site (21° 02' S ; 125° 59' E) is located centrally - 275 
km from each of the Arunta Block, Paterson Province and the Halls Creek and Granites-
Tanami Inliers (Figure 7.1). 
The analyses of 76 grains from sample CfJ64 were combined to give the 
interpreted age distribution histogram shown in Figure 7.30. This histogram is dominated 
by two major age populations, ranging from 900 - 1200 Ma and 1500 - 1950 Ma, which 
'make up 38% and 37% of the total grains respectively. Within each of .these major 
populations there are distinct peaks which are shown in Table 7 .15. Outside the major 
populations, a small number of grains range in age from 234 - 2575 Ma, with minor 
peaks at - 500 Ma and - 227 5 Ma. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
909±6 6 1664 ± 34 3 
1000 ± 30 7 1709±14 5 
1087 ± 18 9 1777 ± 8 6 
1162 ± 20 7 1811±12 4 
1523 ± 38 4 1923 ± 12 5 
Table 7.15: Sample CTJ64: Interpreted age peaks in the range 750 - 2000 Ma, 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7.30. A total of 76 grains analysed. Within the age range tabulated here, 
sample CTJ64 contains a further 4 grains which do not fall into the populations listed and 
do not form any independantly significant peaks (see Chapter 7.2.4). 
A comparison between Figure 7.30 and the expected age distribution histograms 
from the surrounding basement areas suggests that the dominant protosources of 
sediment to sample CTJ64 are the rocks of the Musgrave and Arunta Blocks, with lesser 
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inputs from the Paterson Province and Granites-Tanarni Inlier. A generalised 
geochronology of the Musgrave Block is shown in Figure 7.14 and consists of protolith 
formation at - 1550 Ma, followed by high-grade metamorphism around 1150 - 1200 Ma 
and post-metamorphic magmatism from 1050 - 1200 Ma. The last two of these events 
may be recorded in sample CTJ64 as peaks at 1000 ± 30 Ma, 1087 ± 18 Ma and 1162 ± 
24 Ma, while protolith formation in the Musgrave Block is possibly represented by the 
peak at 1523 ± 38 Ma (Table 7.15). 
(5) 
0 600 1200 
0 600 1200 
CTJ64 
eastern Great Sandy Desert 
(76 grains) 
(4) 
1800 2400 3000 
BJ103 
western Great Sandy Desert 
(65 grains) 
1800 2400 3000 
Figure 7.30: Samples CTJ64, BJ103, Great Sandy Desert. Cumulative probability 
histograms of interpreted ages (in Ma). Boxes refer to age peaks given in Tables 
7.15 and 7.16. 
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A second possible protosource area for sand grains in sample CTJ64 may be 
found in the rocks of the Paterson Province and Paterson-Musgrave Orogen (Figure 
7.2). The Paterson-Musgrave Orogen, which underlies the southern Great Sandy Desert, 
forms a structural link between the Musgrave Block and the Paterson Province (Plumb, 
1979). Although the geology and geochronology of this orogenic belt and the adjacent 
Paterson Province are poorly understood, it has been suggested that they bear marked 
similarities to those of both the Musgrave Block and Albany-Fraser Province (Plumb, 
1979; Page et al., 1984). Figure 7.7 shows the expected age distribution histogram from 
the Paterson Province and indicates major metamorphism and granite intrusion at - 1100 
- 1300 Ma, coincident with that in both the Musgrave Block and Albany-Fraser 
Province. It is possible therefore, that rocks of the Paterson Province and Paterson-
Musgrave Orogen have contributed at least some of the grains found in the peaks at 
1000 ± 30 Ma, 1087 ± 18 Ma and 1162 ± 24 Ma in Figure 7.30. The geochronology of 
the parent material in the Paterson Province is currently poorly constrained, making it 
difficult to draw comparisons between it and the interpreted age distribution histogram 
from sample CTJ64. 
Rocks of the Arunta Block are a third possible protosource for sands in sample 
CTJ64. The expected age distribution histograms from both provinces of the Arunta 
Block are show.n in Figµres 7.13a, band each contain large peaks at - 1700 - - 1800 
Ma, corresponding to the time of major crustal formation. These peaks correlate well 
. . 
with the two major peaks at 1709 ± 14 Ma and 1777 ± 8 Ma in sample CTJ64 (Figure 
7.30). Likewise the peaks in Figure 7.30, ranging in age from 1523 ± 38 Ma to 1811 ± 
12 Ma, may relate to other crustral events between 1400 and 1900 Ma, found in both 
provinces of the Arunta Block. 
Peaks at 909 ± 6 Ma and 1000 ± 30 Ma found in sample CTJ64 may correlate 
with crustal formation in the Central and Southern Arunta Provinces at the time of the 
"Ormiston Event" (Figure 7.13b). Similarly the small number of grains of age > 1900 
Ma, found in two peaks at 1923 ± 12 Ma and - 2300 Ma in Figure 7.30, may represent 
either rocks of the Yuendumu Event (> 1890 Ma) in the Northern Arunta Province, or 
perhaps inherited grains in this province. 
A fourth possible protosource for grains in sample CTJ64 may be rocks of the 
Granites-Tana.mi Inlier. The expected age distribution histogram from this inlier is shown 
in Figure 7 .10 and has been constructed in part, by correlation with the geochronology of 
the Halls Creek Inlier. The earliest crustal formation in the Halls Creek Inlier occurred at 
1900 - 1920 Ma, with the intrusion of volcanics and granites into small basement inliers 
(R. W, Page, pers. commun., 1994). This event was followed by widespread crustal 
activity during the Barramundi Orogeny (1850 - 1880 Ma), and later granite intrusion 
between 1780 and 1800 Ma and 1685 and 1770 Ma. This latter period of granite 
intrusion is strongly represented in the Granites-Tana.mi Inlier, and along with earlier 
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crustral events associated with the Barramundi Orogeny (Page and Williams, 1988), may 
have contributed material to the peaks at 1709 ± 14 Ma, 1777 ± 8 Ma and 1923 ± 12 Ma 
in sample CTJ64. However, the absence of a significant peak at - 1870 Ma 
corresponding to the Barramundi Orogeny indicates that the Granites-Tanami Inlier does 
not represent a major protosource to sample CTJ64. 
The small number of grains (ten) in Figure 7.30 with ages < 800 Ma have few 
obvious protosources in the vicinity of the sample location. The minor peak (five grains) 
at - 500 Ma may be related to the late phase of igneous crystallisation in the Central 
Arunta Province, described by Mortimer et al. (1987) or to Cambrian age volcanic 
activity in northern Australia (BMR Palaeogeographic Group, 1990). The remaining five 
grains are thought to represent zircons which have been derived from distant or as yet 
undiscovered protosource regions. 
In summary, zircons separated from sands of the central Canning Basin, Great 
Sandy Desert have been derived predominantly from protosources in the Musgrave and 
Arunta Blocks. Comparing Figure 7.30 with the expected age distribution histograms, 
Figures 7 .13 and 7 .14, the relative percentage inputs from these areas are estimated to be 
30% and 55% respectively. It is considered likely however, that some of the grains 
attributed to the Musgrave Block were actually derived from protosources in the 
Paterson Province and Paterson-Musgrave Oro gen. A smaller input of - 10% of the total 
sample is thought to have been derived from the Granites-Tanami Inlier, while the 
protosource/s for the remaining 5% are undecided at the present time. 
7.7.2.B. BJ103 - western Canning Basin, Great Sandy Desert 
Sample BJ103 was collected from a short, longitudinal dune - 10 m in height, 
lying directly along dune trend from sample CTJ64. The sample location (19° 46' S ; 
121° 04' E) is underlain by the on-shore Canning Basin and lies - 90 km north-northeast 
of the Pilbara Block, and 30 km from the northwest continental margin of Australia 
(Figure 7.1). Despite its proximity to the coast, the dune from which sample BJ103 was 
collected is considered to be part of the continental dunefield and not marine in origin. 
The dune is located away from the present coastal dunes and is aligned parallel to others 
in the western Great Sandy Desert. The sand contains no carbonate material. 
The combination of 65 U-Pb age analyses on zircon grains from sample BJ103 
gives the interpreted age distribution histogram shown in Figure 7 .30. It can be seen 
from this histogram that the large majority (60%) of grains lie in the age range 1000 -
1350 Ma. Apart from this population, Figure 7.30 contains two smaller peaks in the age 
ranges 700 - 850 Ma and 1550 - 1750 Ma, each of which make up - 15% of the total 
grains analysed. 
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The interpreted age distribution histogram of sample BJ103 indicates that the 
majority of its grains were derived from protosources in either the Musgrave Block or 
the Paterson Province. The geochronology of these areas is discussed in Appendix V and 
summarised in the expected age distribution histograms in Figures 7.14 and 7.7. A 
comparison between these expected histograms and Figure 7 .30 suggests that the peaks 
observed in sample BJ103 at 1103 ± 34 Ma and 1170 ± 32 Ma (Table 7 .16) may 
correlate with metamorphism and associated granite intrusion in the Musgrave Block, 
while the peaks at 1337 ± 74 Ma and 1587 ± 38 Ma are associated with its protolith 
formation. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
719 ±62 5 1170 ± 32 25 
847 ± 36 4 1337 ± 74 3 
1013 ± 56 3 1587 ± 38 6 
1103 ± 34 8 1731±102 4 
Table 7.16: Sample BJ103: Interpreted age peaks in the range 600 - 1800 Ma, 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .30. A total of 65 grains analysed. 
However, a comparison of the peak heights in Figure 7.30 with those from the 
expected age distribution histogram of the Musgrave Block (Figure 7.14), indicates that 
the peaks at 1103 ± 34 Ma and 1170 ± 32 Ma are comparatively too large with respect 
to those at 1337 ± 74 Ma and 1587 ± 38 Ma, to be accounted for by protosources in the 
Musgrave Block alone. This disparity in peak heights suggests that sample BJ103 has 
also received significant amounts of sediment from rocks in the Paterson Province and 
the Paterson-Musgrave Orogen. Metamorphism in these areas occurred at - 1100 - 1300 
Ma, which is coincident with the major peaks in sample BJ103. Although the age of 
primary crustal formation in the Paterson Province is poorly constrained, recent work by 
Nelson (1994) has shown that it may have occurred earlier (- 1800 - - 2015 Ma) than 
that in the Musgrave Block. This period of crustal formation may have contributed the 
grains which form the peak at 1731±102 Ma in sample BJ103 and possibly also those of 
age > 2000 Ma. The rationale for a protosource in the Paterson province is strengthened 
by the presence of a peak at 719 ± 62 Ma, which may be correlated with the Mount 
Crofton Granites (McNaughton and Goellnicht, 1990). 
It is interesting to note in Figure 7.30, the absence of grains with ages > 3000 
Ma, which are commonly found in the adjacent Pilbara Block. This block, which lies - 90 
km to the south-southwest of sample BJ103, is predominantly made up of Archean 
granite greenstones, ranging in age from 2770 - 3560 Ma, and is overlain by sediments 
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containing volcanics of age 2660 - 2780 Ma (Figure 7.5). The absence of material of this 
age in sample BJ103 indicates that sedimentary transport from the Pilbara Block into this 
part of the Canning Basin was minimal. 
In summary therefore, it is suggested that sample BJ103 has been derived from 
two main protosource areas. These are the Musgrave Block and the Paterson Province, 
which have contributed - 50% and - 40% of the total sediment to the sample and hence 
to the southwest Canning Basin. The remaining 10% of grains form two discrete 
populations (four grains each) centred on - 300 and - 850 Ma, the protosources of 
which are as yet unknown. 
7.7.2.C. BJ113 - northwestern Canning Basin, Great Sandy Desert 
North of the Fitzroy River, in the far northwestern Great Sandy Desert, scattered, 
low, longitudinal dunes overlie the northwest Canning Basin. Sample BJl 13 was 
collected from one of these dunes (location 17° 44' S ; 124° 00' E), lying - 90 km 
southwest of the King Leopold Mobile Zone (Figures 7 .1 and 7 .2). 
Sixty-one U-Pb analyses from sample BJl 13 define an age distribution histogram 
in which the majority of zircon grains fall into two distinct age populations (Figure 7 .31 ) . 
.. These populations, which range from 900 - 1250 Ma and 1500 - 1900 Ma, have been 
sub-divided into the peaks shown in Table 7 .17. Both the position and the relative 
abundance of grains in these peaks, suggests that the majority of sample BJl 13 has been 
derived from protosources in the central Australian Musgrave and Arunta Blocks, with 
minor inputs from both the Paterson Province and Halls Creek Inlier/King Leopold 
Mobile Zone. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
972 ± 32 4 1583 ± 44 4 
1051±26 6 1664 ± 34 8 
1127 ± 22 16 1840 ± 150 4 
1164 ± 78 5 
Table 7.17: Sample BJl 13: Interpreted age peaks in the range 950 - 1900 Ma, 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7.31. A total of 61 grains analysed. Within the age range tabulated here, 
sample BJl 13 contains a further 2 grains which do not fall into the populations listed and 
do not form any independantly significant peaks (see Chapter 7.2.4). 
As discussed in Appendix V and shown in the expected age distribution 
histogram Figure 7.14, protolith formation in the western Musgrave Block occurred in 
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the time period from - 1300 - 1550 Ma, followed by metamorphism between 1150 and 
1200 Ma and granite intrusion from 1050 - 1150 Ma. Comparison of this geochronology 
with that from sample BJ113 as shown in Figure 7.31, indicates a strong correlation 
between the two. Protolith formation in the Musgrave Block is recorded in sample 
BJl 13 as a peak at 1583 ± 44 Ma, and by grains in the age range 1300 - 1400 Ma. 
Similarly, the peak at 1164 ± 78 Ma may correlate with metamorphism in the Musgrave 
Block, while the associated granite intrusion is indicated by peaks at 1051 ± 26 Ma and 
1127 ± 22 Ma. 
BJ113 
(61 grains) 
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Figure 7.31: Sample BJl 13, northern Great Sandy Desert. Cumulative probability 
histograms of interpreted ages (in Ma). Boxes refer to age peaks given in Table 
7.17. 
However, as was the case in sample BJ103, the percentage of grains in sample 
BJl 13 corresponding to metamorphism and granite intrusion in the Musgrave Block is, 
when compared to the percentage associated with protolith formation, too great to be 
explained by protosources in the Musgrave Block alone. It is suggested therefore, that 
rocks of the Paterson Province and Paterson-Musgrave Orogen may also have 
contributed some of the grains of age 1100 - 1300 Ma found in sample BJl 13. This 
hypothesis is supported by the presence of a small number of grains in Figure 7 .31 with 
ages of - 650 Ma, which correlates with the age of the Mount Crofton Granite in the 
Paterson Province. Although the age of protolith formation in the Paterson Province is 
poorly constrained at present, it is thought to pre-date that in the Musgrave Block 
(Nelson, 1994) and may therefore have contributed grains to the peak at 1664 ± 34 Ma 
and those of age - 1800 Ma in sample BJl 13. 
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A third possible protosource for grains in the nonhwest Canning Basin is the 
King Leopold Mobile Zone, which lies - 90 km to the north of the sample location 
(Figure 7 .2). The geochronology of the King Leopold Mobile Zone is poorly understood 
at this time, although it is believed to be comparable with that of the Halls. Creek Inlier 
(R. W. Page, pers. com.mun., 1994). The expected age distribution histogram of the 
Halls Creek Inlier is shown in Figure 7 .9 and is characterised by major crustal formation 
and metamorphism in the age range 1850 - 1870 Ma, followed by minor granitic and 
volcanic activity between 1780 and 1850 Ma. A comparison of this expected age 
distribution histogram with Figure 7.31, shows that the King Leopold Mobile Zone/Halls 
Creek Inlier have not contributed large amounts of sediment to sample BJl 13. However, 
it is possible that the peak in Figure 7.31 at 1840 ± 150 Ma, which itself consists of two 
overlapping peaks of age - 1800 and - 1880 Ma, may record both periods of crustal 
activity within the King Leopold Mobile Zone/Halls Creek Inlier. 
An alternative protosource for grains of age - 1850 Ma is the Granites-Tanami 
Inlier, which lies - 500 km to the east of sample BJl 13 and has a similar geochronology 
to that of the Halls Creek Inlier. The expected age distribution histogram of the Granites-
Tanami Inlier is shown in Figure 7 .10 and is dominated by three peaks, the largest of 
which lies at - 1850 - 1880 Ma. This peak may correlate with the peak at 1840 ± 150 
Ma in sample ~Jl 13. Y ~unger crustal formation in the Granites-Tanami Inlier may also 
be represented in Figure 7.31 by the peak at 1664 ± 34 Ma. Within the Granites-Tanami 
Inlier, rare Late Archaean zircons of age> 2400 Ma have ~en found (R. W. Page, writ. 
commun., 1994), which may correspond with similar aged material in sample BJl 13. 
A minor protosource area for sample BJl 13 may be the central Australian Arunta 
Block, which lies - 650 km to the southeast of the sample location. The expected age 
distribution histograms of both provinces of the Arunta Block are shown in Figures 
7.13a, band are characterised by broad peaks in the age range 1450 - 1900 Ma. In the 
Central and Southern Arunta Provinces (Figure 7.13b), a smaller peak records crustal 
formation at the time of the "Ormiston Event" from - 900 - 1150 Ma. It is possible 
therefore, that the Arunta Block has contributed some sediment to sample BJl 13 which 
is recorded by the peaks at 972 ± 32 Ma, 1051±26 Ma, 1127 ± 22 Ma, 1583 ± 44 Ma 
and 1664 ± 34 Ma in Figure 7.31. However, it is considered that given the smaller 
number of grains in Figure 7.31 of age corresponding to the time of maximum crustal 
formation in the Arunta Block (- 1770 Ma), the total sediment input from this area to 
sample BJ113 was minimal. 
In summary therefore, it is suggested that the majority of sediment in sample 
BJl 13 was derived from protosources in the Musgrave Block and Paterson Province. 
Using the expected age distribution histograms (Figures 7.7 and 7.14) from these areas 
as guides, it is proposed that the relative percentage inputs are - 60% from the 
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Musgrave Block and - 20% from the Paterson Province. The percentage from the 
Paterson Province is however, not well defined, given the lack of geochronological 
information available from this area. Smaller inputs of material from the King Leopold 
Mobile Zone/Halls Creek Inlier, Granites-Tanami Inlier and Arunta Block are thought to 
have contributed in total - 15% of the overall sample. Determination of the inputs from 
each of these areas is difficult due to overlaps in their characteristic age ranges. 
7.7.2.D. CTJ20 - Bangemall Basin, Gibson Desert 
Numerous small poorly organised network dunes - 9 m in height form the 
characteristic feature of the Gibson Desert and it is from one of these dunes that sample 
CTJ20 was taken. The sample location (24° 02' S ; 122° 16' E) is underlain by the 
eastern Bangemall Basin and is surrounded by the Yilgarn, Pilbara and Musgrave Blocks 
and the Paterson Province. 
The interpreted age distribution histogram (Figure 7.32) of 63 zircon grains from 
sample CTJ20 shows a wide spread of U-Pb ages between - 160 Ma and - 2540 Ma, 
with two major age populations ranging from 1000 - 1300 Ma and 1600 - 1900 Ma. In 
addition, two minor populations in the age ranges of 250 - 350 Ma and 600 - 700 Ma 
make up a small, but significant percentage of the overall sample. 
CTJ20 
(63 grains) 
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Figure 7.32: Sample CTJ20, western Gibson Desert (Bangemall Basin). 
Cumulative probability histograms of interpreted ages (in Ma). Boxes refer to age 
peaks given in Table 7.18. 
This age distribution of zircon grains suggests that sample CTJ20 has been 
derived primarily from protosources in the Musgrave Block and Paterson 
Province/Paterson-Musgrave Orogen. The expected age distribution histograms from 
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these areas are shown in Figures 7. 7 and 7 .14 and are both characterised by major peaks 
in the age range 1050 - 1250 Ma, corresponding to periods of metamorphism and 
associated granitic intrusion. The timing of this crustal activity correlates well with the 
peaks in Figure 7.32 at 1043 ± 42 Ma, 1116 ± 64 Ma and 1177 ± 16 Ma (Table 7.18). 
Protolith formation in the western Musgrave Block occurred between 1300 and 1550 
Ma, while that in the Paterson Province, although less well defined, took place in several 
phases, including events at - 1800 Ma and - 2045 Ma. This protolith formation is 
thought to be the protosource for grains in the peaks in sample CTJ20 at 1599 ± 98 Ma 
(Musgrave Block), and 1791 ± 116 Ma (Paterson Province). It is further suggested that 
the peaks at 580 ± 18 Ma and 669 ± 72 Ma in sample CTJ20, have a protosource in the 
Mount Crofton Granites of the Paterson Province. 
Comparison of Figure 7.32 with the expected age distribution histograms from 
the Musgrave Block and the Paterson Province, enables estimates to be made of the 
relative percentage sediment inputs from these areas. Assuming the same relative age 
distributions as shown in Figures 7. 7 and 7 .14, it is suggested that - 40% of sample 
CTJ20 was derived from the Musgrave Block and - 35% from the Paterson 
Province/Paterson-Musgrave Orogen. 
Age Peak± Number Age Peak± Number 
Error (Ma) of grains Error (Ma) of grains 
262 ± 16 4 1177 ± 16 14 
580 ± 18 3 1599 ± 98 6 
669 ± 72 5 1791±116 3 
1043 ± 42 6 1862 ± 76 4 
1116±64 6 
Table 7.18: Sample CTJ20: Interpreted age peaks in the range 150 - 2000 Ma, 
calculated using the Mix Program. Peak positions and errors (at 95% confidence limit) 
used in Figure 7 .32. A total of 63 grains analysed. Within the age range tabulated here, 
sample CTJ20 contains a further 8 grains which do not fall into the populations listed and 
do not form any independantly significant peaks (see Chapter 7.2.4). 
Of the remaining grains, it is suggested that - 10% was derived from the 
Gascoyne Province, which underlies the western Bangemall Basin (Figure 7.2). Although 
the geochronology of the Gascoyne Province is poorly defined at present, preliminary 
work indicates that primary granites were emplaced at - 1800 - 1900 Ma (Page et al., 
1984) and were overprinted by metamporphism at - 1600 Ma (Rb-Sr work; de Laeter, 
1976). On the basis of this geochronology, it is possible that rocks of the Gascoyne 
Province may have contributed grains to the peaks at 1599 ± 98 Ma and 1862 ± 76 Ma 
in sample CTJ20. 
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The remaining 15% of grains in Figure 7 .32 fall into three age peaks at - 300 Ma, 
- 850 - 900 Ma and - 2540 Ma. The oldest of these peaks is still considerably younger 
than the ages of the adjacent Yilgarn and Pilbara Blocks, again demonstrating the lack of 
sedimentary transport from these areas into the nearby basins. The presence of this -
2540 Ma material possibly indicates a small sediment input from an as yet undiscovered 
period of early crustal formation in the Gascoyne Province or perhaps inherited grains in 
this and the Paterson Provinces. The age peaks at - 300 Ma and 850 - 900 Ma do not 
have any definite correlatives in rocks of the surrounding basement areas. However, it is 
noted that these peaks are also found in the age distribution histogram of sample BJ103, 
which lies in the northwestern Canning Basin - 500 km to the northwest of sample 
CTJ20. This similarity in age peaks between the two samples suggests that the 
protosource for grains of these ages may lie in one of the nearby basement areas. These 
areas include the Paterson Province, the Pilbara Block and the Hamersley and Bangemall 
Basins. 
7.7.3. Implications of zircon provenance studies in the Great Sandy and Gibson 
Deserts 
The results of U-Pb studies on the ages of zircon grains separated from sands of 
the Great Sandy and Gibson Deserts indicate that the dominant protosource for these 
areas is the central Australian Musgrave Block. This block is thought to have contributed· 
between 30 and 60% of the total sediment in all samples examined. However, it is 
possible that some of this sediment actually originated in the Paterson-Musgrave Orogen, 
which underlies the southern Great Sandy Desert and forms a structural link between the 
Musgrave Block and the Paterson Province (Figure 7.2) (Plumb, 1979). The similarity 
between the timing of metamorphism and associated granite intrusion in the Musgrave 
Block and the Paterson Province suggests that the orogenic belt between them may also 
contain material of this age. This period of metamorphism and granite intrusion, which 
occurred from 1050 - 1250 Ma, corresponds with the dominant peaks in the age 
distribution histogram of all samples from the Great Sandy and Gibson Deserts. 
Although it is difficult to estimate the percentage input from the Paterson 
Province/Paterson-Musgrave Orogen because of the limited amounts of geochronologic 
information available, it is thought that these areas have contributed up to 35% of the 
total sediment to sands in the Great Sandy and Gibson Deserts. 
It is interesting to note that in both samples taken from close to the Paterson 
Province (samples BJ103 and CTJ 20), there are peaks in the interpreted age distribution 
histograms at - 300 Ma and - 800 - 900 Ma. Neither of these ages have been recorded 
in rocks of the Paterson Province or in surrounding areas, possibly suggesting that they 
represent as yet undiscovered crustal activity. 
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Apart from these two major protosource areas, the sands examined have received 
sediment from protosources close to the sample locations. The largest of these inputs 
was to sample CTJ64 in the central Canning Basin, which received 55% of its sediment 
from the Arunta Block. Similarly, - 10% of the sediment in samples CTJ20 and BJ 113 
was derived from protosources in the adjacent Gascoyne Province and Halls Creek 
Inlier/King Leopold Mobile Zone respectively. 
It is important to note in the age distribution histograms from the Great Sandy 
and Gibson Deserts, the absence of material of age > 2600 Ma, which would suggest its 
derivation from either the Yilgarn or Pilbara Blocks. It has been suggested in previous 
studies, that these blocks, which lie < 100 km from samples CTJ20 and BJ103 
respectively, deposited large amounts of material into the Bangemall and Canning Basins 
(Daniels, 1966b; Forman and Wales, 1981). Similarly, in the northwest Canning Basin, 
sample BJl 13, taken -90 km to the south of the King Leopold Mobile Zone, has 
received, at most, 10% of its sediment from this area. However, this perceived scarcity 
of sediments derived from the Yilgarn and Pilbara Blocks and the King Leopold Mobile 
Zone does not rule out the presence of such sediments, but does indicate that their 
relative abundance is far out-weighed by sediment from other protosource regions. 
On the basis of this U-Pb study of protosources for sands in the Great Sandy and 
Gibson Deserts,. it can be seen that the dominant sediment transport direction was from 
east-southeast to west-northwest. Such transport of material from central Australia into 
the deserts occurred in association with the geologic evolution of the Canning Basin. 
Deposition of sediment into this basin from central Australia occurred following phases 
of uplift in the Musgrave and Arunta Blocks, and during cycles of transgression and 
regression of the Indian Ocean into the Canning Basin. 
Since its initial subsidence during the Early Ordovician, the Canning Basin has 
undergone repeated marine incursions. The first of these occurred during the Ordovician, 
when the Larapintine Sea covered the entire basin and extended throughout central 
Australia (BMR Palaeogeographic Group, 1990). Towards the end of the Ordovician, 
uplift of the Musgrave Block deposited the Carranya Beds into the northeastern Canning 
Basin (Veevers, 1984 ). These sediments may have been carried across the entire Canning 
Basin following the partial regression of the Larapintine Sea in the Late Ordovician 
(Figure V. lB). Subsequent periods of uplift in central Australia during the Alice Springs 
Orogeny (-360 Ma) deposited sediments from the Arunta and Musgrave Blocks into the 
Canning Basin, which at the time was still under the influence of marine conditions. This 
phase of uplift deposited the Knobby Sandstone into the Canning Basin along the margin 
of the Arunta Block (Veevers, 1984). Playford (1976) also believed that the influx of 
terriginous material at this time (Lennard River Group, Canning Basin) reflected uplift 
around the basin margins. 
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During the Permian, glacial activity in what is now the Gibson Desert, deposited 
the Paterson Formation, receiving glacial detritus from both the Yilgarn and Musgrave 
Blocks (Jackson and van de Graaff, 1981). The final period of marine activity in the on-
shore Canning Basin occurred during the Cretaceous, with at least two cycles of 
transgression and regression. The second and major of these was associated with the 
Aptian - Albian Sea, which extended through the Canning Basin into the Officer Basin, 
depositing the Bejah claystone sequence. Following the final marine regression from the 
Canning Basin, climatic changes during the Tertiary resulted in the formation of an 
extensive external drainage system (Figure 6.2). This system, which, in the northern 
Canning Basin flowed from central Australia into the Indian Ocean to the northwest, may 
also have carried sedimentary material into the Great Sandy and Gibson Deserts. 
From this summary of the development of the Canning Basin, it can be seen that 
the basin has, at numerous times, received sediment from the central Australian 
Musgrave and Arunta Blocks and probably also from the Paterson-Musgrave Orogen. It 
is suggested that the main mechanism for the transport of this material into the Canning 
Basin was via fluvial activity following uplift of central Australia. Subsequently sand was 
been dispersed throughout the Great Sandy and Gibson Deserts by ocean currents 
following repeated marine transgressions and regressions. This sediment transport and 
dispersal mechanism contrasts with that from the other desert areas in Australia where 
the sole agent for the transport of sand into basins is believed to have been fluvial 
activity. 
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CHAPTER 8 - SURFACE FEATURES OF SAND GRAINS* 
* A version of this Chapter titled "Surface features of sand grains from the Australian 
Continental Dunefield" is currently in press in a special issue of Palaeogeography, 
Palaeoclimatology, Palaeoecology (Volume 112), which concentrates on the arid 
environment. 
8.1. INTRODUCTION 
The surface features of detrital quartz grains provide evidence of the mechanical 
and chemical processes acting on grains both during transport and after deposition. The 
study of grain surfaces can therefore assist in the identification of recent source areas and 
in the understanding of sedimentary histories. 
The present study, utilising Scanning Electron Microscopy (SEM), examines the 
characteristic surface features of sand grains within the Australian continental dunefields, 
and assesses the variability of such features within and among the individual desert areas. 
Examination of these regional variations aids in the determination of grain source areas 
and provides information on the environmental conditions present at the time of 
dunefield formation. On the basis of these environmental conditions, mechanisms for the 
development of observed surface precipitation features are proposed. 
8.2. SURF ACE FEATURES OF AEOLIAN SEDIMENTS 
The surface features of quartz grains have long been known to result from a 
combination of mechanical and chemical action. Early work on grains of aeolian origin 
(Krinsley and Donahue, 1968; Krinsley and Margolis, 1969) showed three major 
features, (1) meandering ridges, (2) graded arcs, (3) flat pitted surfaces, all believed to be 
due to mechanical abrasion during transport. Kuenen and Perdok (1962), Margolis 
(1968) and Margolis and Krinsley (1971) however, proposed a largely chemical origin 
for many grain surface features. Kuenen and Perdok stated that although many surface 
features are primarily of mechanical origin, they have been strongly modified by 
secondary chemical processes. Such processes include solution of grain surfaces and 
subsequent re-precipitation. 
Krinsley and Doornkamp (1973) combined both mechanically and chemically 
produced features into the first comprehensive summary of surface features of aeolian 
origin. Subsequent work by Whalley and Krinsley (1974), Le Ribault (1975), Krinsley et 
al., (1976), Folk (1978), Krinsley and McCoy (1978), Higgs (1979) and Krinsley and 
Trusty (1985) has further refined this study. It is now generally accepted that the 
characteristic surface features found in grains of aeolian origin are: 
1) upturned plates 
2) equidimensional or elongate depressions 
3) smooth precipitated layers on grain surfaces 
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4) arcuate, circular or polygonal cracks (Ricci Lucchi and Dalla Casa, 
1970). 
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To date, very few studies of sand grain surface features have been carried out on 
samples from the Australian continental dunefields (Margolis and Krinsley, 1971; 
Krinsley and Doornkamp, 1973; Krinsley et al., 1976; Folk, 1978). Of these, only the 
study of Folk has concentrated exclusively on Australian samples. In his study of grains 
from the northwestern edge of the Simpson Desert, Folk reported no abrasional surface 
features produced in the present environment, with the dominant features being related 
to silica precipitation. 
8.3. METHODS 
Dunes were sampled from 7 5 selected sites across the Australian continental 
dunefield for examination of grain surface features (Figure 8.1). At each site sand was 
taken from the mobile crest of the dune at a depth of 0 - 20 cm. 
Prior to observation under the SEM, grains were treated with boiling HCl and 
SnCl2 to remove iron oxide-rich grain coatings and repeatedly washed in demineralised 
water. It was decided not to use ultrasonic vibration during this preparation to minimise 
the possible effects of pre-treatment on the grain surface features. Grains were examined 
using a JEOL JSM 6400 Scanning Electron Microscope. 
Analysis of grain surface features were grouped into the four major desert 
regions discussed earlier. These regions were: 1. the Simpson, Tirari and Strzelecki 
Deserts; 2. the Mallee Dunefield which was further subdivided on the basis of dune 
morphologies into the Lowan Sand and W oorinen Formations (Lawrence, 1966; Bowler 
and Magee, 1978); 3. the Great Sandy and Gibson Deserts; and 4. the Great Victoria 
Desert. 
8.4. RESULTS 
8.4.1. Simpson, Tirari and Strzelecki Deserts 
In general, sand grain surfaces from both the Simpson and Strzelecki Deserts are 
dominated by chemically precipitated features. Surfaces show only minor amounts of 
chemical solution and mechanically induced features. However, it is apparent that distinct 
differences occur in the form of such precipitated features depending upon sample 
location. 
Grains from the northwestern Simpson Desert are characterised by the presence 
of precipitated silica sheets occurring mainly on flat surf aces, but also appearing in some 
grain depressions. This precipitation type is present in a number of forms ranging from 
small disseminated globules < 10 µm in diameter to larger sheet structures up to 50 µm 
in maximum dimension. The larger sheets appear to have formed from the coalescence of 
large numbers of smaller globules and thus show an irregular pimpled surface resembling 
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salt encrustation (Figure 8.2A, B). Some precipitated sheets show smooth un-pimpled 
surfaces (Figure 8.2C), with minor linear cracking (Figure 8.2D). 
20° 
~ Direction of dune elongation 
40° 
a Sample location 
Figure 8.1: Map showing the major Australian desert regions and the locations of 
samples examined for their surf ace features. ~ extent of Yilgarn Craton; JJ{[ extent of 
Musgrave Block; 8 boundary between characteristic morphologies in the Simpson 
Desert; 0 boundary between characteristic morphologies in the Great Victoria Desert. 
In contrast, grains from the southeastern Simpson Desert are characterised by 
precipitated plates concentrated mainly in areas of grain depression. Complete plates 
average 80 - 200 µm in diameter, although there are examples where almost the entire 
grain surface is coated. Plates are characterised by widespread circular or polygonal 
cracking over their surf aces. Such cracking gives the appearance of large numbers of 
smaller individual plates of average dimension 10 µm (Figure 8.3A, B). The edges of 
these are, on average, approximately 1 µm apart and appear to have risen and curled. In 
some cases, it is apparent that complete plates had begun to peel from grain surfaces 
(Figure 8.3C). The thickness of these plates is approximately 1 µm. Typically the angle 
of breakage associated with polygonal cracking is 120° resulting in the observed 3-way 
junctions between precipitated plates (Figure 8.3A). Associated with the precipitated 
plates are small craters < 2 µmin diameter and approximately 1 µmin depth (Figure 
8.3D). Such craters occur both as single and multiple features, with and without small 
halo-like rims. 
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In general sands from the Strzelecki Desert show surface features very similar to 
those found on grains from the southeastern Simpson Desert. The dominant surface 
features include precipitated plates with numerous circular or polygonal cracks and small 
craters. On a small percentage of the sands examined ( < 5%) precipitated plates have 
been removed from the edges of grains perhaps indicating abrasion during transport 
(Figure 8.4A). On one sample taken from close to Strzelecki Creek (sample SP58) grain 
surface features were dominated by small randomly oriented triangular shaped grooves 
(Figure 8.4B). On these grains there was no evidence of the precipitated plates or 
polygonal cracking characteristic of the other samples from the Strzelecki Desert. 
8.4.2. Mallee Dunefield 
The grain surf ace features on sands from Mallee Dunefield are best discussed in 
terms of their two original formations; the W oorinen Formation and the Lowan Sand. 
The boundaries between these two formations have been established on the basis of their 
geomorphic form (Lawrence, 1966; Bowler and Magee, 1978). The Woorinen 
Formation contains mainly closely packed teardrop longitudinal dunes, while the Lowan 
Sand consists of sub-parabolic dune chains. 
Sand from the Woorinen Formation is characterised by moderately rounded 
grains with relatively flat faces. The dominant surface feature observed is that of 
"raindrop" solution, with minor amounts of precipitated plates, polygonal cracking and· 
craters occurring in rare grain depressions (Figure 8.4C). The term "raindrop solution" 
was first used by Kuenen and Perdok (1962) to describe the finely pock-marked surfaces 
formed by the dissolution of small amounts of silica from the rims of sand grains. This 
type of sand grain surface feature will be discussed in greater detail in Chapter 8.4.3. 
In contrast to these features, the Lowan Sand displays irregular shaped grains 
with abraded edges. Grain surfaces are characterised by numerous equidimensional or 
elongate depressions ranging from 20 - 80 µm in diameter. Smaller grains have 
correspondingly smaller depressions. Minor amounts of both precipitated sheets and 
"raindrop" solution occur on a limited number of grains (Figure 8.4D). 
8.4.3. Great Sandy and Gibson Deserts 
Sand grains from the Great Sandy and Gibson Deserts have surfaces dominated 
by chemical solution features and small-scale precipitated sheets. In general, grains are 
characterised by finely pock-marked surfaces, concentrated on grain edges, but occurring 
on all exposed areas (Figure 8.5A). This type of solution feature has been termed 
"raindrop" solution" (Kuenen and Perdok, 1962), and has the effect of dulling any 
mechanically derived features and original morpholgy. 
Despite the obvious impact of "raindrop" solution, grains from the northwestern 
Australian dunes are still seen to be irregular in shape and poorly rounded (Figure 8.5B). 
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A limited number of grains from the north of the desert region exhibit triangular 
etch-pits. These features range in size from 10 - 35 µm and have a characteristic triangle-
within-triangle form (Figure 8.5C, D, E). Etch-pits appear as oriented V-shaped patterns 
as opposed to the largely random orientations seen in mechanically induced triangular 
features. Triangular etch-pits in some cases are overlain by small-scale precipitated sheets 
of globular form (Figure 8.5D), while in others they appear dulled by "raindrop solution" 
(Figure 8.5E). Occasional grains from the far north of the Great Sandy Desert show 
solution crevasses and other highly altered surface features (Figure 8.5F). The 
occurrence of grains exhibiting both triangular etch-pits and other solution features 
diminishes with increasing distance in a southerly direction. 
One sample from the southeast of the Great Sandy Desert in the region near Lake 
Disappointment contains a significant number of grains exhibiting plate precipitation and 
polygonal cracking. 
8.4.4. Great Victoria Desert 
In general, surface features of sand grains from the Great Victoria Desert are 
dominated by chemically precipitated sheets and small-scale linear cracking. Differences 
observed among samples from west to east across the desert relate more to the 
morphology of the grains. than to their individual surface features. Samples from the west 
of the Great Victoria Desert are characterised by irregular shaped grains with rounded 
edges and numerous depressions. Minor amounts of sheet precipitation and linear surface 
cracking are visible on most samples (Figure 8.6A). Towards the centre of the desert, 
grains are better rounded, but still irregular in shape. In comparison to this, grains from 
the centre to the far-east of the desert are flat and sub-rounded in appearance with 
limited "raindrop" solution, precipitated sheets and linear surface cracking (Figure 8.6B). 
Figure 8.6C shows. an example of fine micro-structures preserved by sheet 
precipitation. The significance of such features to the development of dunes within the 
Great Victoria Desert will be discussed later. 
8.5. DISCUSSION 
8.5.1. Development of chemically precipitated features 
It is apparent from this study that there are at least two different forms of 
chemically precipitated features. 
The first (Type I) is characterised by precipitated sheets ranging in form from 
small disseminated globules to larger sheet structures (Figure 8.2A, B, C). SEM-EDX 
analysis of such sheet structures shows them to be composed entirely of Si, with little 
evidence for the presence of other ions. 
The second (Type II) occurs mainly in the form of precipitated plates with 
associated polygonal cracking and craters (Figure 8.3A, B, C, D). SEM-EDX analysis of 
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Figure 8.2: Grain surface features characteristic of the northwestern 
Simpson Desert: (A) small silica globules resembling salt encrustation on 
the surface of quartz grains (central Gibson Desert; SZ69; 21°18'S : . 
121°59'E). (B) small disseminated globules of precipitated silica coalescing 
. . 0 
into larger sheet structures (northwestern Simpson Desert; ABH53; 25 35'S : 
136°28'E). (C) larger scale precipitated sheets showing smooth unpimpled 
surfaces (Mallee Dunefield: Woorinen Formation; SP156; 34°3l'S : 
140°46'E). (D) precipitated silica sheets and associated minor linear surface 
cracking (western Simpson Desert; SZ109; 25°2l'S: 131°04'E). 
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Figure 8.3: Grain surface features characteristic of the southeastern 
Simpson and Strzelecki Deserts: (A) precipitated silica plates showing 
abundant polygonal cracking and 120° breakage angles (central Simpson 
Desert; SP184; 26°20'S : 136°48'E). (B) precipitated silica plates with 
associated circular or polygonal cracking (southeastern Simpson Desert; 
SP221; 27°02'S: 138°24'E). (C) precipitated plates which have peeled from 
grain surfaces (Mallee Dunefield: Lowan Sand; SP96; 35°02'S : 141°5l'E). 
(D) multiple small craters both with and without "halo-like" rims found 
associated with precipitated plates (central Simpson Desert; SP184; 26°20'S : 
136°48'E). 
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Figure 8.4: Grain surface features characteristic of the Strzelecki Desert 
and Mallee Dunefields: (A) grain surface showing the absence of 
precipitated plates on grain edges (central Strzelecki Desert; SP45; 29°18'S : 
140°03'E). (B) grain surface showing numerous small randomly oriented 
triangular shaped grooves (central Strzelecki Desert; SP58; 27° 51 'S : 
140°42'E). (C) moderately rounded grain showing minor "raindrop" 
solution and precipitated plates (Mallee Dunefield: Woorinen Formation; 
SP142; 35°22'S : 140°50'E). (D) irregular grain with numerous depressions 
showing very minor amounts of precipitated features (Mallee Dunefield: 
0 0 Lowan Sand SP144; 35 09'S: 140 31'E). 
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Figure 8.5: Grain surface features characteristic of Great Sandy and 
Gibson Deserts: (A) "raindrop" solution on grain surfaces effectively dulling 
primary and mechanically induced features (central Gibson Desert; SZ69; 
21°18'S : 121°59'E). (B) irregular grain surfaces with an absence of features 
characteristic of aeolian transport (central Gibson Desert; SZ71; 22°14'S : 
122°04'E). (C) chemically induced V-shaped etch pits showing 
characteristic triangle in triangle form (central Great Sandy Desert; SZ82; 
22°34'S : 123°5l'E). (D) V-shaped etch pit partially overlain by small 
quantities of silica precipitated sheets (central Great Sandy Desert; CTJ48; 
22°15'S : 124°54'E). (E) V-shaped etch pits with features dulled by 
"raindrop solution" and secondary silica precipitated sheets (central Gibson 
Desert; SZ69; 21°18'S : 121°59'E). (F) highly altered grain showing 
0 
solution crevasses (northern Great Sandy Desert; BJ123; 18 32'S : 
125°45'E). 
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Figure 8.6: Grain surface features characteristic of the Great Victoria 
Desert: (A) irregular shaped grain with rounded edges, numerous 
depressions, minor amounts of sheet precipitation and linear surface cracking 
(western Great Victoria Desert; CPL54; 28°18'S : 125°50'E). (B) flat, sub-
rounded grain with limited "raindrop" solution, precipitated sheets and linear 
surface cracking (central Great Victoria Desert; CPL25; 28°32'S : 129°58'E). 
(C) diatom frustule preserved on the surface of sand grain (western Great 
Victoria Desert; MD134; 28°49'S : 125°45'E). 
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these features shows them to be made up largely of Si but also to contain small quantities 
(< 6%) of Al, and very minor amounts(< 2%) of Fe, Ti and K. 
The observed differences in both the morphology and chemical composition of 
these two types of precipitated features suggests that there may be differences in their 
modes of formation. 
In the past, chemically precipitated features have been thought to form in 
response to the climatic conditions found in desert regions. The large day-night 
temperature variations which occur in the desert give rise to an environment in which 
"desert dew" (groundwater or minor rainfall) undergoes a continuous cycle of 
evaporation and condensation. Kuenen and Perdok (1962) propose that during such a 
cycle, dissolved evaporites will become concentrated in the dune fluids leading to a rise 
in fluid pH. Under the influence of such high-pH solutions, the solubility of quartz is 
enhanced and small amounts of silica may be removed from the quartz grain surfaces. 
Upon complete evaporation of the resultant fluids, silica is re-deposited on grain surfaces 
as an irregular layer of either opal or silicic acid (Krinsley and Doornkamp, 1973). 
The Type I precipitated sheets characterising many of the grain surfaces from the 
Australian continental dunefield are believed to be the direct result of such silica re-
precipitation. It is suggested here that the small differences in the surface textures of 
Type I precipitated sheets observed in this study may be a function of the rate of silica 
deposition. Globular pimpled surfaces are thought to represent a slow rate of deposition, 
while smooth un-pimpled ones indicate a rapid rate. 
Minor amounts of linear cracking associated with smooth un-pimpled surfaces 
have been previously attributed to the differential expansion of layers during temperature 
variations (Ricci Lucchi and Dalla Casa, 1970), and also to salt weathering (Goudie et 
al., 1979). It is further suggested here that the linear cracking observed in this study may 
be related to the de-watering of opaline silica. 
The presence of significant quantities of trace elements (Al, Fe, Ti, K) as well as 
the observed polygonal cracking in Type II precipitation leads us to a slightly different 
explanation for its genesis. 
Associated with many sand deserts are numerous salt lakes and claypans. 
Deflation and associated desiccation of material from these areas has been shown to 
result in the formation of significant quantities of clay pellets (Bowler, 1973). Under the 
influence of aeolian transport and resultant grain collisions, many of these pellets are 
destroyed and either blown away as airborne dust or, deposited on sand grain surfaces as 
clay-rich iron-oxide coatings. These coatings are found concentrated in grain 
depressions, where they are largely protected from erosion (Walker, 1979). 
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It is believed here that Type II precipitation results when such clay coatings are 
overlain by a secondary cover of Type I precipitated sheets. Such a cover would act as a 
resistant barrier to chemical attack and therefore protect the clay coatings from removal. 
The observed presence of Al, and other ions in Type II precipitation may result 
from: 
1) The penetration of the electron beam used in the SEM-EDX analysis through 
the silica layer to the underlying clay coating. The chemical composition of clay contains 
on average 10 - 20 wt% Al, which may then contribute to the SEM-EDX analysis. This 
would indicate that the silica layer thickness was less than or equal to the depth of 
electron beam penetration, ie 1-2 µmat an operating voltage of 10 kV. 
2) Under the action of high-pH solutions ("desert dew") dissolution of clays as 
well as quartz may also occur. The result of this would be an increased presence of Al 
(and other trace elements) in the pore fluids and hence in the re-precipitated silica. Other 
more soluble ions also released in clay dissolution may be re-incorporated into dune 
fluids thus further increasing solution pH. 
It is proposed here that the polygonal cracking found associated with Type II 
precipitation results from the dehydration of these underlying clay layers. Dehydration 
and removal of H10 from basal 001 sites in 2: 1 phyllosilicates (mainly smectites) causes 
the disintegration of their silica lattice structure. Such structural collapse is seen here to 
cause breakup of the clay layers and curling at layer edges. The visible effect of this 
process is the deformation of the overlying silica layer resulting in polygonal cracking on 
the grain surf ace. 
The characteristic 120° breakage angle associated with this polygonal cracking is 
also seen from cracks formed in dried mudflats, and has been attributed to the expansion 
and contraction of clay with changes in temperature and humidity (Price, 1963). 
The formation of Type II precipitation and associated polygonal cracking is 
considered therefore to be associated with the presence of significant quantities of clay or 
clay pellets within the dune system. In the absence of clay pellets the re-precipitation of 
silica from pore waters leads to the formation of Type I precipitated sheets. 
8.5.2. Implications of grain surface features 
Variations in sand grain surface features provide information on grain origin and 
on sedimentary histories of the individual desert regions. 
Surface features observed on grains from the Simpson Desert reveal two distinct 
sediment bodies. The first is found in the region to the north of the Lake Eyre basin in 
the far southeast of the desert, and includes the numerous salt and clay pans of the 
Kallakoopah Lakes (Figure 8.1). The second occurs to the northwest of the desert area 
and extends from the South Australian/Northern Territory border in the central Simpson 
to the extensive sand plains of the far northwest (Figure 8.1). 
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Both sediment bodies show grain surfaces dominated by precipitated features. 
The form or type of such features is believed to be determined by the presence or 
absence of significant quantities of clay in the dune system. The abundant Type II 
precipitation observed on sand grains from the southeast of the Simpson Desert points to 
their being derived from clay-rich sediments. The obvious source of such sediment is 
material deflated from Lake Eyre and the surrounding Kallakoopah Lakes. Previous 
studies have shown that the abundance of clay pellets in dune sediments from this area is 
on average, 20%, compared with< 5% further to the northwest (Wasson, 1983b). 
On the other hand, the dominance of Type I precipitation found on surfaces of 
grains from the northwest of the Simpson Desert indicates that sand has been derived 
from sediment in the absence of significant quantities of clay or clay pellets. The origin of 
such sediment is suggested to be underlying alluvial deposits which have been eroded and 
re-distributed by aeolian activity. 
The lack of mixing observed between these two sediment bodies, as well as the 
absence of features characteristic of abrasion during aeolian transport indicates that there 
has been very little long-distance sand transport within the Simpson Desert. 
Samples from the neighbouring Strzelecki Desert again show surfaces dominated 
by precipitated features. The abundance of Type II precipitated plates and associated 
polygonal cracking indicates that grains were derived from clay-rich material, most 
probably deflated from the numerous salt lakes in the region. The presence of random 
triangular-shaped grooves on the surfaces of grains taken from near Strzelkecki Creek 
(Figure 8.4B) indicates that this sample has undergone recent fluvial transport. Krinsley 
and Doornkamp (1973) believe that random triangular-shaped grooves result from high 
energy collisions between grains during such transport. The occurrence of grains 
showing these features is evidence that small amounts of sediment is still being deposited 
into the Strzelecki Desert, and probably also the southeastern Simpson Desert, via the 
modem rivers flowing into the Lake Eyre Basin. 
Grain surfaces from the Great Sandy and Gibson Deserts are characterised by 
both chemical solution and precipitation features. However, in contrast to the Simpson 
and Strzelecki Deserts, chemical solution is seen to be the dominant process. The 
presence of abundant "raindrop" solution and, more importantly, triangular etch-pits has 
been suggested to indicate that grains have been exposed to hot and humid environments 
at some time in the past (Krinsley and Doomkamp, 1973). The climatic conditions over 
the majority of the Great Sandy and Gibson Deserts at the present time are hot and dry, 
and are therefore less likely to result in the formation of such active solution features. To 
explain the appearance of grains showing these solution features as far south as Lake 
Disappointment in the central Great Sandy Desert (Figure 8.1), we must infer therefore 
SURF ACE FEATURES OF SAND GRAINS 201 
either, transportation of sand grains into the deserts, or a significant climate change to 
the region at some in the past. 
At the present time the far northwest of the Australian continent is under the 
influence of a tropical semi-arid climate of monsoonal aspect (Koppen BSwh type). 
Climatic records from Derby on the northwestern Australian coast show an average 
annual rainfall of 609 mm with the majority occurring between the months of December 
and March. Average temperatures during this wet season are very high with, on average, 
30 - 40 days reaching 37.8°C (Jennings, 1975). Under such climatic conditions, the 
chemical attack and breakdown of grain surfaces is enhanced and the presence of grains 
showing solution features is significantly increased. It is believed therefore, that the 
majority of grains showing significant solution features which are presently found in the 
Gibson and Great Sandy Deserts, were derived from material which has been exposed to 
periods of monsoonal conditions. 
The increasing abundance of grains showing significant solution features towards 
the north suggests that their origin may have been in the monsoonal zone presently to the 
far northwest of the continent, and that they have subsequently been transported into the 
modern deserts. However U-Pb studies of zircon grains separated from sand samples in 
the northern Great Sandy Desert (Chapter 7.7) indicate that most of this material has 
come from protosources in central Australia and very little from areas further to the 
north. This finding clearly rules out the possibility that grains which already exhibited 
significant solution features were transported into the Gibson and Great Sandy Deserts 
An alternative explanation for the occurrence of grains showing these features in 
the Great Sandy and Gibson Deserts is an expansion or a movement of the monsoonal 
zone further to the south. At the present time the northwest Australian monsoon is 
believed to extend only to the northernmost edge of the Great Sandy Desert (Wyrwoll et 
al., 1992). However, work by Singh and Luly (1991) and Wasson and Donnelly (1991) 
has shown that during the past 30,000 years there have been significant fluctuations in 
both the areal extent and intensity of the monsoonal zone. If such fluctuations led to the 
incursion of the monsoon into the present desert areas, the change in climate may have 
resulted in the formation of surf ace solution features. 
The presence of Type I sheet precipitation and "raindrop solution" overlying the 
triangular etch-pits (Figure 8.5C, D, E) may indicate a more recent change in the climate 
of the desert. The widespread occurrence of these superimposed features indicates that 
this climatic regime has been present in the desert for a significant period of time. This 
view is consistent with Wyrwoll et al. (1992) who believe that the northern Australian 
monsoon has remained stable in its present position for at least the past 6500 years. 
The abundant Type II plate precipitation and polygonal cracking found on grains 
taken from the southeast of the Great Sandy Desert near Lake Disappointment suggest 
that they have been deflated from the lake along with significant quantities of clay pellets. 
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This type of precipitated feature contrasts with that found on grains from the majority of 
the desert regions which display Type I sheet precipitation indicating their derivation in 
the absence of clay. 
Samples from the Mallee Dunefield in southeastern Australia are characterised by 
fewer examples of post-depositional features on grain surfaces in comparison to the 
other Australian dunefields examined This decrease is suggested to result from the lower 
daily temperature range and increased amounts of rainfall in the area. Under these 
climatic conditions silica dissolution and re-precipitation on surfaces will be minimal and 
grain coatings will not be preserved. 
The differences in surface features on grains from the Lowan Sand and W oorinen 
Formations are believed to result from variations in the mineralogical composition of 
these two sand formations. As discussed in Chapter 5 the increased clay content of the 
Woorinen Formation gives it a greater stability than the Lowan Sand which has a 
significantly lower clay content. The more mobile nature of the Lowan Sand is indicated 
by the presence of features characteristic of aeolian transport. However, given the lack of 
rounding and irregular nature of grains from the Lowan Sand, the distance of this aeolian 
transport is considered to be only minor. The slight differences observed in the 
morphologies of grains from the two aeolian formations within the Mallee Dunefield may 
be indicative of the minor variations in their protosource areas observed in Chapter 7 .6. 
Differences in the morphology of grains across the Great Victoria Desert reveal 
the presence of at least two distinct sand bodies. The first extends from the western 
margin of the desert to approximately 200 km west of the Western Australian/South 
Australian border. The second continues from this point to the eastern margin of the 
desert in central South Australia (Figure 8.1). 
The similarities in the surface features observed on grains from both of these 
bodies, indicates that they have been deposited under similar conditions. The dominance 
of Type I precipitated sheets and absence of Type II precipitated plates points to a 
derivation of sand grains from material free of significant quantities of clay or clay 
pellets. The source of such material is believed to be the sedimentary deposits of the 
underlying Officer Basin. The contrasts observed in the morphology of grains from the 
two sand bodies in the Great Victoria Desert are possibly related to the differences in 
protosource areas discussed in Chapter 7 .4. 
The relative stabilty of sands in the Great Victoria Desert is indicated by the 
presence of fine micro-structures on the surfaces of grains, an example of which is seen 
in Figure 8.6C. This feature is believed to be a frustule from a marine diatom, deposited 
on the grain surface and partially preserved due to its siliceous nature. Although exact 
identification is difficult the frustule is believed to belong to the benthic Navicula or 
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Pinnularia species (P. Gell pers. commun., 1994). Given the fragile appearance of the 
diatom, the amount of aeolian re-working and hence inter-grain collisions, experienced 
since deposition is thought to have been only minimal otherwise the structure would have 
been destroyed. This marine organism is suggested to have been deposited in the area 
before the final retreat of the sea from this region in the mid Cretaceous. 
8.6. SUMMARY 
Examination of sand grain surfaces from the Australian continental dunefield has 
revealed an abundance of chemically produced features and an absence of those of a 
more mechanical origin. These surface features point to both the present stability of the 
dunefields, and to the lack of recent long-distance sand grain transport. 
The form of sand grain surface features varies among dunefields and also within 
individual deserts. Dunes from central Australia display grain surf aces dominated by 
varied forms of precipitated features while those from northwestern Australia are 
characterised by solution features. These differences are explained in terms of variations 
in the environmental and climatic conditions characteristic of the sediment source areas. 
The occurrence of solution features believed to be indicative of hot, humid environments 
on grains from the northwestern Australian deserts possibly indicates an expansion or 
movement of the northwest Australian monsoon into the deserts at some time in the past. 
Within individual dunefields such as the Simpson and Great Victoria Deserts, 
contrasts in surface features and grain morphology indicate that there may be at least two 
different sand sources to each of these areas. 
The irregular nature of grains, absence of features characteristic of aeolian 
transport and the presence of intricate surface features such as diatom frustules, indicate 
that the dunefields are currently stabilised and have not undergone long distances of 
recent aeolian transport. 
The different types of chemically precipitated features observed on sand grain 
surfaces in this study are related to the presence or absence of significant quantities of 
clay in the dune system. Precipitated sheets (Type I) result from the reprecipitation of 
silica from pore waters in the absence of clay, while precipitated plates (Type II) 
represent clay coatings on the surf aces of grains overlain and hence protected by a thin 
silica layer. The polygonal cracking associated with Type II precipitated plates results 
from the removal of water from these underlying clay layers during the extreme 
temperature variations which occur in the Australian continental dunefield. 
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CHAPTER 9 - SUMMARY 
9.1. INTRODUCTION 
In this study, sands from each of the major Australian continental dunefields have 
been collected and analysed for their physical, chemical and mineralogical characteristics. 
These studies have enabled both the protosource and most recent source areas for sands 
to be determined, as well as providing information on the distances and mechanisms of 
sand transport. Variations in sand characteristics, both within and between the individual 
desert areas, have been used to investigate the mechanisms for the development of the 
Australian continental dunefields. 
This summary will concentrate firstly on tracing the development of each 
individual dunefield area, combining the information obtained from each of the 
characterisation techniques. Secondly, it will focus on the Australian continental 
dunefields as a whole, giving an overview of the protosources of sand, the distances of 
sand transport and the mechanisms of dune development. 
In this summary the terms "local" and "distant" will be used to describe the 
distance from the most recent source area for sand to its current position in the 
dunefields. A source area is considered to be local if it lies within five times the 
downwind length of an average dune in the area. A recent sand source which lies outside 
this interval is said to be distant. This definition, although highly arbitrary, gives an idea 
of the relative distances of sand transport. It was decided not to use the terms "windrift" 
(underlying source) or "downwind extension" (point source) to describe the mechanism 
of dune formation and hence the distances of sand transport, as all dune-building 
(windrift or downwind) involves at least some downwind transport. The use of the terms 
"windrift" and "downwind" are therefore a little ambiguous and cannot be effectively 
used to describe distances of sand transport. 
9.2. GREAT VICTORIA DESERT 
The Great Victoria Desert provides the perfect opportunity to test the hypothesis 
of long distance aeolian transport of sand, with individual longitudinal dunes up to 15 km 
in length forming part of a dunefield which extends for hundreds of kilometres in a 
direction parallel to that of the modem prevailing winds. Dunes of the Great Victoria 
Desert also cut across the boundaries of several different underlying rock types allowing 
for a comparison to be made between local and distant sources (recent) for the sand 
material currently in the dunes. 
Investigation of sands from the Great Victoria Desert in terms of their colour, 
grainsize, mineralogical and oxygen-isotope characteristics (Chapter 3) indicates that 
within the desert there are at least three sand groups. These groups and their 
characteristic features are: 
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1) western Great Victoria Desert - red colour (hue 2.5 YR); medium-grained 
sands (Mz = 270 ± 90 µm); abundant iron-oxide species and kaolinite; low oxygen-
isotope value (o18Q = 9.5 ± 0.2 %0) 
2) central Great Victoria Desert - paler colour (hue 5 YR); fine-grained sands 
(Mz = 195 ± 51 µm); small amounts of iron-oxides, significant topaz; high oxygen-
isotope value (o18Q = 11.0 ± 0.4 %0) 
3) eastern Great Victoria Desert - red colour (hue 2.5 YR); fine-grained sands 
(Mz = 206 ± 58 µm); small amounts of iron-oxides; intermediate to high oxygen (o18Q = 
10.7 ± 0.2 %0). 
Significantly, the boundaries between these three groups correspond roughly to 
areas of change in the underlying rock types. Thus the sands with group 1 features 
appear to be associated with the Yilgarn Block, while groups 2 and 3 overlie the Officer 
and Arckaringa Basins respectively. 
The results of U-Pb studies on zircon grains separated from each of these groups 
indicate that they were derived from different protosource areas (Chapter 7.4). If we 
assume that the zircon protosource areas are similar to those for the bulk sand sample 
(see discussion in Chapter 7.1) then the groups are made up of sediment from (in order 
of their relative inputs): 
1) western Great Victoria Desert - Yilgarn Block, Albany-Fraser Province and 
Musgrave Block 
2) central Great Victoria Desert - Musgrave Block 
3) eastern Great Victoria Desert - Gawler and Curnamona Cratons, Adelaide 
Geosyncline (including some exotic material) and Musgrave Block. 
Figure 9 .1 shows the locations of these protosource areas in relation to the Great 
Victoria Desert, and gives some idea of the relative amounts of zircon sediment input 
from each protosource area to the different regions of the dunefield. In this figure the 
arrows depict the total extent of zircon sediment transport, and as such, may represent 
the combination of several intermediate transport steps. The paths of the arrows do not 
attempt to show the routes of sediment transport, but instead, indicate the protosource 
areas in relation to the current location of the sand. 
A combination of the results from the initial characterisation of sands with those 
of the U-Pb zircon studies allows the following comments to be made on the 
development of the Great Victoria Desert: 
1) The majority of sands have been derived from protosource areas distant from 
their present location. The exception to this general rule is sample BJ67 which overlies 
the Yilgarn Block and contains zircons derived entirely from this area. 
2) Rivers have transported most of the sedimentary material into the areas 
presently underlying the Great Victoria Desert. This transport probably occurred prior to 
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the change to an arid climatic regime in the late Tertiary, and since this time the desert 
has received very little new sedimentary material. 
3) There has been very little aeolian transport of sand within the Great Victoria 
Desert suggesting that dunes were most recently derived by the deflation of underlying 
material, that is, from local sources. 
The first of these comments is based almost entirely on the results of U-Pb zircon 
studies, while the last two are supported by the following lines of evidence: 
1) A large percentage of the sediment in the central Great Victoria Desert is 
derived from protosources to the north and east of the area. As the prevailing wind 
direction is from the west, aeolian activity cannot be proposed as the dominant long-
distance transport mechanism for this sediment. 
2) In sample BJ67, which was taken from the far west of the Great Victoria 
Desert overlying the Yilgarn Block, there is a complete absence of grains representative 
of the older Western Gneiss Terrane which lies 17 5 km further to the west. The 
prevailing wind direction over the Yilgarn Block is from west to east and therefore any 
significant aeolian transport of sand would be expected to carry sediment from these 
older gneissic terranes into the sample area. The absence of such older grains indicates 
that aeolian transport of sand on the Yilgarn Block has not been significant. Similarly, in 
.the samples examined to the east (downwind) of the Yilgarn Block there is no evidence 
of material from this area, again indicating limited aeolian transport. 
3) As noted earlier, the changes in characteristic features of sands within the 
desert correspond closely to changes in the underlying rock types. This suggests that 
sand has most recently been derived from these underlying rocks (ie Yilgarn Block, 
Officer and Arckaringa Basins) and has not been transported far by aeolian activity. If 
any such transport had occurred we would expect to observe an offset between the 
positions of change in characteristic features of sands and those of the underlying rock 
types. 
4) The changes in the colour or hue of sands in the west of the desert are the 
opposite of those expected if downwind transport, and hence reddening, were a 
significant factor. However, the mean grainsize parameters of sands are partially 
consistent with downwind transport, although variations are not smooth, as would be 
expected. 
5) The irregular nature of sand grains, the absence of surface ·features 
characteristic of aeolian transport, and the presence of intricate forms such as diatom 
frustules (Figure 8.6C), indicate that the dunefields are currently stabilised and have not 
undergone long-distance recent aeolian transport. 
In summary, the sands presently in dunes of the Great Victoria Desert were 
derived from protosources which in the majority of cases are outside the current area of 
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deposition. Transport from these protosources to the current area was probably by 
fluvial means and is thought to have occurred prior to the change to an arid climatic 
regime in the late Tertiary. Following this climatic change, dunes have been formed by 
the vertical corrasion of underlying/local (Officer and Arckaringa Basin) sedimentary 
rocks, accompanied by lateral displacement of sand and upward growth of nearby ridges. 
This process, although driven by the wind, has not resulted in any significant downwind 
transportation of sand. 
9.3. SIMPSON, STRZELECKI AND TIRARI DESERTS 
Of all the Australian dunefield areas examined, the Simpson, Strzelecki and Tirari 
Deserts appear to have had the most complex history of development. This complexity is 
due in part to the fact that these deserts are still receiving sediment input via the rivers 
and creeks in the Lake Eyre Drainage Basin. Evidence for this recent sediment input and 
its importance to the deserts will be discussed later. 
Investigation of sands from the Simpson, Strzelecki and Tirari Deserts in terms of 
their colour and grainsize parameters (Chapter 4) indicates that within the deserts there 
are at least two sand groups. In the southeast of the Simpson Desert, sands are, in 
general, pale in colour (7.5 - lOYR) and have a fine mean grainsize (Mz = 166 ± 51 µm). 
This pale colour of sands is also found throughout the Tirari Desert and in parts of the 
Strzelecki Desert, although the mean grainsize in these areas is somewhat coarser 
(Strzelecki Desert: Mz = 221 ± 61 µm). In contrast to this, sands from the northern and 
western Simpson Desert are redder (2.5 - 5YR) and of coarser mean grainsize (Mz = 198 
± 86 µm). Studies of the surface features of sand from these two areas again reveal 
significant differences, with grains from the southeast characterised by Type II plate 
precipitation and polygonal cracking, and those to the north and west by Type I sheet 
precipitation and linear cracking (Chapter 8). The different types of chemically 
precipitated features are related to the presence or absence of significant quantities of 
clay in the dune system. Precipitated sheets (Type I) result from the reprecipitation of 
silica from pore waters in the absence of clay, while precipitated plates (Type II) 
represent clay coatings on the surfaces of grains overlain and hence protected by a thin 
silica layer. 
These two groups are supported by heavy mineral studies, which show that sands 
taken from the north and west of the Simpson Desert contain afar greater abundance of 
iron-oxides and kaolinite than do samples from the southeast. Heavy mineral studies also 
indicate that the sands to the north and west may themselves be separated into two 
groups on the basis of the presence of unstable species such as monazite and muscovite 
(Chapter 4:6.3). 
The interpretation of these characteristics is that sands in the southeastern 
Simpson Desert were derived, along with significant amounts of clay, by deflation of 
l 
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material from the floodflats of major rivers and salt lake systems. Conversely, the 
reddened dunes to the north and west of the Simpson Desert have been derived from 
underlying sediments that have previously undergone significant weathering and 
exposure. 
In general, sands from across the Simpson, Strzelecki and Tirari Deserts do not 
show features characteristic of their protosource areas, but instead are dominated by 
features indicative of more recent sources and environmental conditions. This absence of 
features characteristic of protosource areas is believed to reflect the complex 
sedimentary history of the sands, involving many cycles of erosion and burial of material 
from a large number of recent sources. 
The results of U-Pb studies on zircon grains separated from sand samples taken 
from the Simpson, Strzelecki and Tirari Deserts indicate that many protosources have 
contributed sediments to the region. In several cases, these protosources are a 
considerable distance from the dunefields and the presence of sand from these areas 
implies transport distances of at least 850 km. In general, the following protosources 
have contributed sediment (listed in order of their relative inputs): 
1) southeastern Simpson, Tirari and Strzelecki Deserts - Tasman Orogenic 
System (New :gngland and Lachlan Fold Belts [including significant "exotic" sediments], 
Georgetown Inlier), Musgrave and Arunta Blocks, Gawler and Curnamona Cratons 
2) north and western Simpson Deserts - Arunta, Musgrave and Mount Isa 
Blocks and Tennant Creek Inlier (Figure 9.1). 
In Figure 9.1 the arrows representing zircon sediment transport from areas of the 
Tasman Orogenic System include sediment inputs to the New England and Lachlan Fold 
Belts from protosources "exotic" to continental Australia, possibly the southwest Pacific 
Gondwana Region. 
The large number of protosource areas for sands in the southeastern Simpson, 
Tirari and Strzelecki Deserts is not unexpected, given their location adjacent to the 
centre of the present Lake Eyre Basin. This basin, with its lowest point Lake Eyre, forms 
the focus of a vast inland drainage system (see Chapter 4), into which sediments from 
large endoreic rivers are deposited, subsequently contributing sands to the dune system. 
Each of these endoreic rivers is sourced from different areas containing different 
protosource rocks, which combine to give the complex sand assemblage seen in the 
southeastern Simpson, Tirari and Strzelecki Deserts. In contrast, samples from the north 
and western Simpson Desert are dominated by sands derived from only one or two major 
protosource areas. 
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Combining the results from the initial characterisation of sands with those of the 
U-Pb zircon studies, the following comments can be made on the development of the 
Simpson, Strzelecki and Tirari Deserts: 
1) Sands currently exposed in the deserts have all been derived from protosource 
areas outside the current dunefield. The distances of transport from these areas to the 
deserts ranges from 10 km up to at least 850 km. 
2) The dominant mechanism of sand transport into the areas presently underlying 
the deserts (sedimentary rocks of the Eromanga Basin and its precursors) has been by 
rivers. 
3) Some evidence has been found to indicate minor aeolian transport within the 
deserts, although the distances of such transport are considered to be only small ( < 10 
km). 
4) The lack of evidence for significant aeolian transport in the Simpson Desert 
suggests that dunes were primarily derived by the deflation of underlying sedimentary 
material, that is, from local sources. 
5) There is a continuing input of small amounts of fluvial sediment to the 
Simpson, Tirari and Strzelecki Deserts. 
Most of the evidence supporting the first four of these comments follows the 
same lines as those proposed for the Great Victoria Desert. However, it is worth 
emphasising two points: 
i) Given that the prevailing wind direction in the Simpson Desert is from the 
south-southeast, if downwind transport were significant, then we would expect to 
observe zircon grains characteristic of the southeastern Simpson Desert in samples from 
the northwest of that area. This is not the case. 
ii) Some downwind sand transport is possibly indicated by the gradational 
boundary between pale (7 .5 - 10 YR) dunes in the southeastern Simpson Desert and 
those of a redder hue (2.5 YR) further to the northwest. However, the absence of any 
significant trends in the mean grainsize parameters across the deserts does not support 
significant aeolian transport. 
The evidence for, and the significance of, the fifth comment are as follows: 
1) In samples collected from areas close to rivers and creeks, the parameters of 
colour, grainsize, oxygen-isotope value and heavy mineral assemblages are noticeably 
different from those in the surrounding areas. In general, sands are less red, have lower 
ol8Q values and contain a greater number of heavy mineral species. 
2) One sample examined from near Strzelecki Creek in the Strzelecki Desert 
shows surface features (Figure 8.4B) indicative of fluvial transport. The absence of 
precipitated forms overprinting these fluvially derived features indicates that this sample 
has been recently deposited. 
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3) The amount of material deposited by such fluvial activity is believed to be 
only minor, as the samples showing the distinctive characteristics are concentrated within 
10 - 20 km of river and creek beds, in the flood plains of these fluvial features. 
4) Current sedimentary input to the Simpson, Strzelecki and Tirari Deserts, is 
thought to occur following periods of increased rainfall in the Lake Eyre Drainage Basin, 
which re-activates the numerous rivers and intermittent creeks in the area. This current 
input of material is unique to these desert areas and contrasts with the other Australian 
continental dunefields which have not received significant amounts of sediment since the 
Tertiary. 
In summary, the sands currently exposed in dunes of the Simpson, Strzelecki and 
Tirari Deserts have undergone a complex sedimentary history. Dunes in the north and 
western Simpson Desert have been formed from the vertical corrasion of local/underlying 
source sediments, originally deposited in the Eromanga Basin from protosources in 
central and northern Australia. In contrast, dunes in the southeastern Simpson Desert and 
in the Tirari and Strzelecki Deserts are made up of sands derived from protosources 
predominantly in eastern and southern Australia, deposited by rivers flowing into the 
Lake Eyre Drainage Basin. Although there is some evidence in the Strzelecki and 
southeastern Simpson Deserts for the downwind transport of sand from distant sources, 
it is believed that the majority of dunes in these areas were again formed from 
local/underlying sediments. Evidence suggests that there has been some recent input of 
sedimentary material to the Simpson, Tirari and Strzelecki Deserts. This input, which is 
concentrated in areas near modem rivers, is relatively minor and has not contributed 
much sand to the dunefields. 
9.4. MALLEE DUNEFIELD 
Although the Mallee Dunefield is the smallest of the major Australian continental 
dunefields, it is of particular interest because it lies in a region which is presently 
classified as being in a semi-arid to temperate climatic regime. This dunefield was 
therefore formed at a time when the Australian arid zone covered a far larger area, and 
when the climatic conditions over the continent were considerably different from those at 
the present time. 
The Mallee Dunefield is dominated by two distinct aeolian forms, which have 
been identified and studied in previous work by Lawrence (1966, 1980) and Bowler and 
Magee (1978). These aeolian forms are the sub-parabolic dune chains of the Lowan Sand 
and the closely packed teardrop longitudinal dunes of the Woorinen Formation. Previous 
investigations have shown that, apart from the obvious morphological differences 
between the two aeolian forms, there are also significant compositional differences. The 
Woorinen Formation has been found to contain a far greater percentage of clays and 
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carbonates than the Lowan Sand which is more siliceous in nature (Churchward, 1963a, 
b; Bowler and Magee, 1978). 
In this study, differences in colour and grainsize characteristics have also been 
observed between the sands of the Woorinen Formation and Lowan Sand (Chapter 5). 
South of the River Murray, the Woorinen Formation is characterised by pale red sands 
(hue 7.5YR), with a mean grainsize of 189 ± 29 µm and a positively skewed grainsize 
distribution. In contrast to this, the Lowan Sand is made up of pale sands (lOYR), with a 
coarser mean grainsize (215 ± 66 µm) and a symmetrically skewed grainsize distribution. 
There is however, very little difference observed between the two aeolian forms in terms 
of their heavy mineral assemblages and oxygen-isotope characteristics. 
Within the W oorinen Formation, differences are found in the features of samples 
taken from north and south of the River Murray. Those samples from the north of the 
river are, in general, redder in hue (5YR), coarser in grainsize (243 ± 34 µm) and contain 
more iron-oxide species and kaolinite than samples from further to the south. 
The results of U-Pb studies on zircon grains separated from Mallee Dunefield 
sand samples indicate that the protosource areas for the W oorinen Formation and Lo wan 
Sand were approximately the same. The dominant protosource areas for both formations 
.appear to be in the Tasman Orogenic System (Lachlan and New England. Fold Belts, 
including significant "exotic" sediments), Adelaide Geosyncline and the Gawler and 
Curnamona Cratons. There were however, significant differences in the relative inputs 
from these protosource areas to the two aeolian formations. The Lowan Sand received a 
greater percentage of its sediment from protosources to the west (Adelaide Geosyncline, 
Gawler and Curnamona Cratons) than did the Woorinen Formation, which was 
dominated by sediment from the east (Lachlan and New England Fold Belts) (Figure 
9.1). It should be noted here, that this assessment is based on the analysis of one sample 
from each aeolian formation and the results may not be representative of the entire 
formation. 
By combining the results of the initial characterisation of sands with those of the 
U-Pb zircon studies the following comments can be made on the development of the 
Mallee Dunefield and its two aeolian formations: 
1) The Woorinen Formation has been derived from underlying clay-rich material 
deposited in the Murray Basin from protosources to the east. As was discussed in 
Chapter 7 .6.3 the most likely recent source for much of this underlying material is the 
Blanchetown Clay, which was deposited by the ancestral River Murray and Darling 
River. 
2) The Lowan Sand (Big Desert Lobe) has been derived from underlying 
siliceous material, deposited into the Murray Basin from protosource areas both to the 
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east and west. The most likely recent source of this underlying material is the Parilla 
Sand, which was deposited and reworked during repeated incursions of the Southern 
Ocean from the west. This most recent source for the Lowan Sand applies only to the 
Big Desert Lobe and may be different for sands in the other lobes. 
3) The sands which make up the underlying sedimentary material from which the 
dunes were derived, have been mixed somewhat by marine incursions and fluvial activity 
and therefore share material from the different protosource areas. 
4) Limited amounts of aeolian sand transport is thought to have taken place 
within the more mobile Lowan Sand. Evidence for this is found at the boundaries 
between the two aeolian formations where pale (10 YR) coloured sands characteristic of 
the Lowan Sand overlie reddened material (7 .5 YR) possibly of the W oorinen 
Formation. As these two formations developed at approximately the same time this 
overlap at their boundaries tends to suggest small amounts of aeolian transport. 
5) Differences between samples of the Woorinen Formation from north and 
south of the River Murray suggest that to the north, sands have undergone longer 
periods of exposure (possibly involving the development of ferruginous soils) than those 
to the south. These differences may also point to variations in the protosource areas for 
sand between the two regions. 
9.5. GREAT SANDY AND GIBSON DESERTS 
Together the Great Sandy and Gibson Deserts make up the largest of the 
Australian continental dunefields covering a combined area of 640,000 krn2. Across this 
area, the morphology of the dunefield varies, changing from low scattered dunes and 
sand plains in the south, to extensive areas of longitudinal ridges in the north. Similarly, 
the climatic regime also changes across the desert area, ranging from monsoonal with 
dominant summer rainfall in the far north, to arid with a winter rainfall maximum further 
to the south. 
In spite of these variations, studies of the colour, grainsize and mineralogical 
characteristics of sands from across the two dunefields have shown them to be relatively 
consistent (Chapter 6). In general, sands are characterised by their red colour (2.5 - 5 
YR), medium to fine mean grainsize, and heavy mineral assemblages containing abundant 
hematite, zircon, tourmaline and rutile. Many of these characteristics are considered to 
result directly from the derivation of the majority of sands from underlying Tertiary 
laterites of the Canning and Officer Basins. These laterites are suggested as the most 
recent source of both quartz sand and the iron-oxide minerals (ie hematite) which have 
weathered and collected on the surface of quartz grains, giving them their red hue. 
The only observable regional variation in the characteristic features of sand grains 
was found to the far north of the Great Sandy Desert. In this area, sands are in general, 
paler in colour (5 YR), finer grained, more symmetrically skewed, and have a wider 
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variety of heavy mineral species than samples further to the south. The differences in the 
features of sands from this area have previously been observed by Brown (1959), who 
termed the area the "brown hornblende zone". The extent of this zone has been enlarged 
in this study to include the region near the Fitzroy River. The differences in the 
characteristic features of sands from this area tend to indicate that they have undergone 
less sedimentary re-cycling than those from the rest of the desert. 
The results of oxygen-isotope studies show that sands overlying basement areas 
have o18Q values that are comparable with those of the basement rocks. This suggests 
that these sands are derived directly from the underlying material. In contrast, sands 
overlying sedimentary basins have considerably higher o18Q signatures which are not 
comparable to those of any of the local basement areas. This high o18Q signature is 
believed to reflect the incorporation of small amounts of low-temperature sedimentary 
quartz in the sand sample. Within the sedimentary basins, oxygen-isotope studies indicate 
that differences exist between samples taken from the western Officer Basin (Gibson 
Desert) and those from the Canning Basin (Great Sandy Desert). These differences are 
also found in U-Pb zircon studies from the same areas. 
The results of U-Pb studies on zircon grains separated from the Great Sandy and 
Gibson Deserts indicate that there were two major protosource areas for samples in the 
region. These two areas are the Musgrave Block and the Paterson Province which are 
joined by the Musgrave-Paterson Orogen and which contributed between 45 and 75% of 
the sediment to the samples examined In each individual sample, other more local 
protosource areas have contributed significant numbers of zircons to the area in question. 
These protosource areas include the Arunta Block and the King Leopold Mobile 
Belt/Granites Tanarni Inlier for samples in the central and northern Great Sandy Desert 
respectively, and the Gascoyne Province for samples from further south in the western 
Gibson Desert (Figure 9 .1 ). 
The results of these single grain U-Pb zircon studies indicate that the main 
protosource areas for sands from across the entire Great Sandy and Gibson Deserts are 
found in central Australia to the southeast. Interestingly, there is very little input from 
basement areas to the north and south, such as the Yilgam and Pilbara Blocks and the 
Halls Creek Inlier. As discussed in Chapter 7. 7, the major transport mechanism for the 
transport of sediment across the deserts is believed to be the repeated incursions of the 
Indian Ocean into the northwestern Canning Basin. Fluvial transport is also considered to 
have carried material into the eastern Canning Basin from central Australia. 
In summary, the results of this study indicate the following about the 
development of the Great Sandy and Gibson Deserts: 
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1) The majority of sands in the area were derived from protosources to the east 
and transported to the deserts during repeated trangressions and regressions of the 
Indian Ocean into the Canning Basin. This means of sand transport differs from that in 
most of the other Australian dunefields where fluvial transport appears to have been 
dominant. 
2) Although the possibility exists for long distances of aeolian transport across 
the deserts, the lack of mixing between sands from the minor protosources suggests that 
such transport is not substantial. This hypothesis is supported by the abrupt changes 
observed in oxygen-isotope values of sands taken from areas overlying the boundaries 
between different underlying rock types. However aeolian transport of fine grained 
material is indicated by dust plumes off the coast of Western Australia in the offshore 
Canning Basin (Theide, 1979). 
3) Dunes in the southern and central Great Sandy and Gibson Deserts have 
formed through the vertical corrasion of the underlying Tertiary laterites of the Canning 
and Officer Basin and the accumulation of sand into adjacent ridges. The majority of 
dunes therefore have a local recent source. 
4) In the far north of the Great Sandy Desert, a significant proportion of sand 
has been derived from protosources to the north and transported into the desert via 
rivers flowing from higher rainfall areas, associated with the northwest Australian 
monsoon. 
5) A minor amount of recent sedimentary input to the deserts is indicated by 
changes in sand characteristics in areas adjacent to sites of intermittent fluvial activity. 
This input is most obvious in the far north of the Great Sandy Desert near the Fitzroy 
River. 
6) The surface features on sand grains in the central and northern Great Sandy 
Desert are indicative of a hotter and more humid climate than is active in the desert at 
present. This may suggest that the northwest Australian monsoon has previously 
occupied a more southerly position than it does at present. 
7) Similarities between the characteristic features of sand from the Gibson 
Desert and the western Great Victoria Desert indicate that dunes in these two areas may 
have been derived from similar protosource areas. 
9.6. CONCLUSIONS 
The sand dunes which currently make up the Australian continental dunefields are 
part of a sedimentary system which has been developed over millions of years. This 
system has received sediment from large numbers of protosource areas both within and 
outside the present margins of Australia. These protosource areas and their relative 
amounts of sediment input to the dunefields are summarised in Figure 9 .1. The origin and 
transport of sand-sized material within this sedimentary system and into the current 
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dunefields has been the focus of this study. During the course of this investigation, 
various techniques have been applied to the determination of sand protosource and 
source areas. The following conclusions have been reached on the effectiveness of these 
techniques: 
1) The most effective technique for determining sand protosource area is single 
grain U-Pb zircon dating using the SHRIMP ion microprobe. The important feature of 
this technique is its analysis of single grains rather than the bulk samples used in 
conventional techniques. However it is important to note that the protosource areas 
determined for zircon grains may not accurately reflect that of the bulk sediment sample 
(see discussion in Chapter 7.1). 
2) Oxygen-isotope analysis on bulk quartz samples was of less use in 
protosource determination because of mixing between material from different 
protosource areas and the presence of small quantities of low-temperature sedimentary 
forms of quartz 
3) Characteristics such as colour, grainsize, heavy mineral and grain surface 
features are of some value in the determination of protosource areas, particularly in 
samples which have not undergone significant sedimentary recycling and therefore have 
retained some of the characteristics of their parent material. However, in most cases, the 
sand samples examined appear to have undergone considerable reworking and display 
features indicative of more recent source areas and environments of deposition. 
The determination of the protosource areas for sands in the Australian continental 
dunefields has enabled the following conclusions to be drawn on the development of the 
dunefields and on that of the Australian sedimentary system as a whole: 
1) Each individual dunefield is composed of material from several different 
protosource areas. Some of the protosource areas are local while others are distant from 
the dunefields and indicate total transport distances of up to 850 km. 
2) Within individual dunefields, material from some protosource areas is 
common to the entire dunefield, while material from others is found to be concentrated in 
particular regions only. This lack of mixing indicates that aeolian sand transport within 
dunefields is not substantial. 
3) Most of the protosource areas no longer contribute sediments to the 
dunefields, indicating that substantial changes have occurred in both the climatic regime 
and sediment transport patterns in Australia. 
4) Despite the possibilities for the long-distance aeolian transport of sand around 
the continental-scale "whorl" of the Australian dunefields, there appears to have been 
only a limited amount of such transport. Changes in the characteristic features of sands 
occur at the boundaries between different underlying sedimentary formations. 
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5) Given the lack of evidence for significant aeolian transport, it appears that the 
majority of sands were most recently derived from local sources and that dunes have 
been formed from the vertical corrasion of underlying sediments, accompanied by lateral 
displacement of sand and upward growth of nearby ridges. The main function of wind in 
the dunefields is thought to be in the shaping of dunes. 
6) At the present time, the Australian continental dunefield is largely stabilised, 
and all but the crests of dunes are covered by vegetation, thereby reducing the possibility 
of aeolian transport. However, it is thought that limited amounts of such transport of 
sand occurs in some areas of the dunefields and in particular in the Strzelecki and 
southeastern Simpson Deserts. In these areas, evidence is found to suggest downwind 
transport in the form of transverse to longitudinal dune transitions and in dunes migrating 
from alluvium onto gibber plains. This transport is however, considered to be an 
exception to the general rule and is only very localised. 
7) In dunes overlying basement areas, sands appear to be derived directly from 
the weathering of the underlying bedrock, and could therefore be considered as remnant 
lag deposits. Dunes in these areas tend to be smaller, more scattered, and in many cases 
merge with sand plains. In contrast to this, the major dunefield areas in Australia are 
found to overlie sedimentary basins where sand supply is plentiful. 
8) In general, there has been negligible recent sedimentary input to ~e Australian 
continental dunefields. The exception to this is in the Simpson, Strzelecki and Tirari 
Deserts, where rivers and creeks flowing into the Lake Eyre Drainage Basin have 
deposited small amounts of sediment. This material has not been transported significant 
distances within the dunefields and is found concentrated in areas near the rivers and 
creeks. 
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Like sands through the hourglass, 
So are the days of our lives. 
